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Ae^. 'L.-*^H%story the Origin tfMr Wc^s Improfommts on 
the Steom-Engme. Contained in a letter from the late J ames 
Watt, Esq. EL. D. F. R. S. Lond. and Edin. Member of the 
National Institute of France, and of the Batavian Society ctf 
Rotterdam, to Ddvid Brewster, LL. D. F. R. S. &c. * 


Deae S:^, 

At your request, I liave carefully perused my late excellent 
friend Dr Robison’s articles ** Steam” and “ Steam-Engines,” 
in the Encyclopaedia Britannicn, and have made remarks up6n 
tlienf in such places whe0rt§efthiSr JtamflBe want of proper infor¬ 
mation, or from too great a reliance on the powers of his extra¬ 
ordinary memory, ,at a period when it probably had been weak¬ 
ened by a state of acute pain, and by the remedies to winch 
he was obliged to have recourse, he had been led into mistakes 
in r^gswd to facts, and also in some places where Hs deductions 
have appeared to me to be erroneous. 

There h^ been l^t very little interchange of letters between 
jasafor tome years previous to his writing those articles, and our 
opuKatumties of meeting had been rare, and of short duratipn, 
and not occupied by philosoplucal discussions. Had J been ap- 

* ieUer, wliicli 

cannot fiiB WiMi ttfaNM n aA' 
inVeiUiiaMii, It ettnjpaAtto 
ghw, wMsafams 
thepnnt beat 

aoa, UkAjKMint JFai|Bs4^Watt, Csq. 

VOt. IT. NOrf 8! JA3WA»Y 


[et bsea puUiahed, was written under dreum- 
uent memoir of the lifh of Mr 'Watt, and it 
fng document in the history of his brilliant 
ihtrod«aioo to the accoilnt of the Steam En- 
I'a ^stem of Mechimictd Pfafloeophy, now in 
to refinr to it fi«m oar Account of Mr WatPs 
tb« dirire fettu-, the petndidon |ih 
of Heathfleid, and of Dr Brmaater, to ^ 

182(J. 



^ Mr ^att qf Aw Iv^^rovements 

«prised of his desgn, I ibight at least have prevented the errcars 
respecting the facts in which 1 was concerned; but, upon the 
whole, it is more svKprising to me that his recollection shoidd 
have served him so well in narrating transactions'of thirty years 
standing, than that it should sometimes have led him astray. If 
I had not retained some memorandums hiade at the time of, c»* 
soon after, tWr occurrence, 1 should myself have felt great dif¬ 
ficulty in recalling fiT^ind the particulars at the period when I 
first perused those ardcles, wMch was some time after their pub¬ 
lication. I had about that period an opportunity of personally 
stating to Dr Robison some remarks upon them, of which he 
availed himself to a small extent in the Supplement to the En- 
cyclopeedia Britannict^ and probably would have done so still 
more, had he been called upon to remould these articles. 

I have endeavoured to throw most of my corrections into thg 
form of notes; but in some places I judged it nece^ary to alter 
the text; which alterations I have marked to be printed in Ita¬ 
lics, that they may be readily distingui lied from the original. 
In a few places I have cancelled part of the text widiout any 
substitution, none appearing to me to be requued. In o<^hcrs I 
have left part of the redsoning unaHered which I did not concur 
in; as in mere matters of opinion, where no manifest error was 
involved, I did not conceive it prqier to introduce my own spe¬ 
culations. 


As the subjects of Steam, and Steam-Engines, had been al¬ 
most dismissed from my mind for many years previous to ray 
undertaking this revision, I have called in the md of my friend 
Mr John Southern, and of my son, whose dmly avocations in 
the manufacture of steam-engines, render them more convei^BlT 
irifii some points, to direct my attention to them ; and orHhe 
former, examine such of the algebraic formulae as appeared 
essenrial, an Office for which he is mueb better qualified than 
mysdf; and b^ has accordingly nuadsed dipse j^ftnube with hia 
initials. 

I have not attempted to render Ijl kltolMadtf s inemmr a com¬ 
plete history of the Steam-Ei^ne j. even g^ven a ^ 

cf my own unpiovesmaiKi upem it. T 
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stiif to etMn'ecting such |^te as i^|}eared necessary, and to Gdd- 
^ such matter as heibad not an opportunity of knowing. 

#He^e it was my intention to have clos^ this letter; but the 
representations of.friends, whose opinions I highly value, induce 
me to avail myself ctf,this opportunity of noticing an error mto 
which not only Dr l^bison, but apparently also P| Black, has 
fallen, in relation to the origin of mjj; n^rovdnents upon the 
Steam-Engine, ailcl which not having been publicly controvert¬ 
ed-by me, has, I am informed, been adopted by almost every 
subsequent writer upon the subject of Latent Heat. 

Dr Rolnscm, in the article Steam-Engine, after passing an 
encomium upon me, dictated by the partiality of friendship, 
qualifies me as the “ pupil and intimate friend of Dr Black 
a description which, not being there accompanied with any infe- 
•rence, did not particularly strike me at the time of its first peru¬ 
sal. He fifterwards, in the dedication to me of his CHlition of 
Dr Black’s. Lectures upon Chemistry, goes the length of sup- 
jKising me to have professed to owe my improvements upon the 
Steam-Engine to the instmctions and information I had receiv¬ 
ed from that gentleinan, whici certainly was a misapprehension, 
as, though I have always felt and acknowledged my obligations 
to him for the information 1 had received from his conversation, 
and particularly lor the knowledge of the doctrine of Latent 
1 i er Jid, in^r 'a Ul, consider my improvements as ori- 
^natiug in Ihosi , ommumcations. He is also mistaken in his 
asaci I), p 8. fjf the Preface to the above work, that “ I had 
attended fwo courses of the Doctor’s Lectures for, imfoir- 
jup ately for me, the necessarv avocations of my business pre¬ 
vised me from attendmg his or any other lectures at CoU^e; 
arid as Dr Robison was himself absent from Scotland for four 
years at the period referred to, he must have beei! misled by 
erroneous infqpiatii^. In page 184 of the Lectures, Dr Black 
says, ‘‘ I hav^the pleasure of thinking that the knowledge we 
have acquired concerning the nf^aire of elastic vapours, in con- 
sefuence of observaticsi of what happens in its 

fonnation and condensation, has contributed in no inconsider- 
aBk»^||||ree to pubSbe good, ipn^ge^vng to my friend Hr 


* Repeated uiftpln detail, with the aotae emmeoua inferences, in lihl IlitiB, 
\oI. i. p. 50i. j 
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Watt of Birmingham, then of Glasgow, his improvement dtt. 
this useful engine,” (meaning the steam-Qingine, of which he i» 
then speaking). The?e can be no doubt, from what follows in 
his description of the engine, and trom the verji honourable men¬ 
tion which he has made of mo in various parts of his Lectures,- 
that he did pot mean to lessen any merit that might attach to 
me as an inve^Or; but,^on the contrary, he always was dispos¬ 
ed to give me fully as much praise as I deserved. And were 
that otherwise doubtful, it would, I think, be evident from tlio 
following quotation from a letter of his to me, dated 13th Fe¬ 
bruary 1783, where, speaking of an intended publication by a 
I friend of mine on subjects connected with die history of steam, 
he says, “ I think it is very proper for you to give him a short 
account of your discoveries and speculations, and particularh) 
to assert dearly and fully your sole right to the honour of the> 
improvements of the Steam-Engine and in a written testimo¬ 
nial which he very kindly gave on the occasion of a trial at law 
against a piracy of my invention, in 1796-7, after giving a short 
account of the invention, he adds, “ Mr Watt ioas the sole in¬ 
ventor of the capital improvement and contrivance above ‘men¬ 
tioned.'" Under this conviction of his candour and friendship, 
it is very painful to me to controvert any assertion or opinion of 
my revered friend ; yet in the present case I find it necessary 
to say, that he appears to me to have fallen into an error, and I 
hope, in addition to my assertion, to make that appear by the 
short history I have given of my invention in my notes upon 
Dr Ilobison's essay, as well as by the following account of the 
state of my knowledge previous to my receiving any explana¬ 
tion of the doctrine of Latent Heat, and also from that of ^ 
facts which principally guided me in the invention. 

It was kfiown very long before my time, that steam was con¬ 
densed by coming into contact with cold bodies, and that it com¬ 
municated heat to them. Witness the commem s^ll, Src. Sec. 

It was known by some experiments of Dr Cullen, and others, 
Uiat watOT and other liquids boiled in at very low heats; 
water below ‘ 

It was kimwm to some philosophers, that the rapacity 
Jibrium of liAt, as we then called it, was much smaller in mer¬ 
cury and tin than in water. 
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i^on ike Steam-Engine. 5 

It was also known, that evaporation caused the cooling of the 
■ evaporating liquid, and bodies in contact with it. 

. I had mysetf made experiments to determine the following 
facts. ^ j 

The capacities for heat of iron, copper, and some sorts of 
wood, comparativeljt with water. Similar experiments had also 
subsequently been made by Dr Irvine, on these and other me- 
tols. , . ^ * 

2d, The bulk of steam was compared with that of water. 

The quantity of water which could be evaporated in a 
certain lx)ilcr by a pound of coals. 

4th, The elasticities of steam at various temperatures greater 
than that of boiling water, and an approximation to the law^ 
which it followed at other temperatures. 

5th, How much water, in the fonn of fsteam, was reqmred 
* every stroke by a small Newcomen’s engine, with a wooden cy¬ 
linder six’ inches diameter, and twelve inches long in the 
Etrokc. 

6</i, I had measured the quantity of cold water required in 
every stroke to condense the steam in that cylinder, so as to ^ve 
it a working power of about 7 lb. on the inch. 

Here I was at a loss to understand how so much cold water 
could be heated so much by so small a quantity in the form of 
steam, and applied to Dr Black, and then first understood what 
was called Latent Heat 

But this theory, though useful in determining the quantity of 
injection necessary where the quantity of water evaporated by 
the boiler, and used by the cylinder, was known, and in deter- 
,.»imng, by the quantity and heat of the hot water emitted by 
hiiwcomen’s en^nes, the quantity of steam required to work 
them, did n*lit lead to the improvements I afterwards made in 
the engine. These improvements proceeded upon t4ie old-esta¬ 
blished fact, that steam was condensed by the contact of cold 
liodies, and tlie later known one, that water boiled in vacuo at 
heats below 100°, and consequently that a vacuum could not 
be obtained unlcss^th:, cylinder and its contents were cooled eve¬ 
ry stroke to below that heat. 

I^se, and tlie degree of knowledge I possessed of tlie clas- 
jticjties of steam at various heatS| were ^he principaf things it waa 
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necessary for me to consider in contriving the new cn^nc. 
'f'hey pointed out that, to avoid useless condensation, the vessel ■ 
in which the steam acted upon the piston *ught always to be aa 
hot as the steam itselt* that to obtain a proper degree of ex¬ 
haustion, the steam must be condensed in a separate'vessel, 
which might be cooled to as low a degree ^was necessary, with¬ 
out affecting^tlie cylinder ; and that as the air and condensed 
water could n^bc bl^wij out by the steam as in Newcomen’s, 
they must be extracted by a pump, or some other contrivance; 
that, in order to prevent the necessity of using water to keep the 
piston air-tight, and also to prevent the air from cooling the cy¬ 
linder during the descent of the piston, it was necessary to era- 
Jploy steam to act upon tlic piston in place of the atmosphere. 
Lastly, to prevent the cylinder from being cooled by the exter¬ 
nal air, it was proper to inclose it in a case containing steam, 
and again to inclose that in a case of wood, or of some other • 
substance which transmitted heat slowly. * 

Although Dr Black’s theory of latent heat did not suggest 
my improvements on the steam-engine, yet the knowledge upon 
various subjects which he was pleased to communicate to me, 
and tlie correct modes of reasoning, and of making experiments, 
of which he set me the example, certainly conduced very much 
to facilitate the progress of my inventions; and I still remem¬ 
ber with respect and gratitude the notice he was pleased to take 
of me when I very little merited it, and which continued through- 
out his life. 


To Dr Robison I am also bound to acknowledge my obliga¬ 
tions for very much information and occasional assistance in my 
pursuits, and above all, for his friendship, which ended ouI^Ihm 
with his life; a friendship which induced him, when I was HW- 
set with an ^host of foes, to come to London in the depth of 
Avinter, and appear as a witness for me in a court of justice, 
whilst labouring under an excepsively painful di^)rder, vrhich 
ultimately deprived him of life. To the remembrance of that 
friendship is principally owing my takine upon myself the office 
of his commentator at my adi'anced age.^^ ^ ^ 

May I request. Sir, that you and the public will permit ^t 
age to be ray excuse for any errors I may have comraittedf and 
for any deficiencies in th^ performance of^ an office which at no 
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period wotild have been congi^ial to my habits; and allow me 
to renudn with esteem, Dear Sir, y^ur most obedient humble ser¬ 
vant, * James Watt. 

Heatiifiixd, May 1814 

- - - — ■ -.. - ■ . ---- , 

** 

Aet. 11,—^Account of some remarkahle Ripplest observed neot 
• the northern entrance of the StreMaof Maldtca. Commu- 
nicated by the Author *. 

In his Majesty’s ship Minden, in 1814, a numlxir of singular 
Ripples were observed Ix'tween the north end of Sumatra and 
the Nicobar Islands; and also between that line and Pulo 
Penang, or Prince of Wales’ Island. None of these islands, 
however, were in sight; and tliere were no soundings. 

• These ripples varied from two to five miles in length, and 
from two nt four hundred yards in breadth: their direction wsti 
nearly north and south; they were always first descried in the 
west, or south-west; from that quarter they approached and 
passed the ship, and then went off to the east or north-east. In 
their general appearance they resembled the waves of the sea 
breaking on a shallow sandy shore. The waves forming die 
lipple, did not tumble against one another irregularly, but 
curled and broke in the direction towards which the whole 
ripple was advancing. When the sea breaks on a sandy beach, 
and forms what is called Surf, the waves stretch along parallel 
to the shore, and when they break, roll in upon it, one after 
the other; but in these ripples, tlie waves were not so continu¬ 
ous, and, when tliey broke, the water, instead of rolling along 
lil^ surf, splashed up perpendicularly to a considerable height. 

Some of the ripples were s cry gentle, so that the surface of 
the sea was scarcely whitened by them, their approach being 
indicated onl^ by d faint noise. Others were beard several 
miles off’, and advanced towards the ship, boiling and foaming 

* Although this paper is anonymous, jet we arc well acquainted with the able 
author of it, who, foi ucasons of his own, withholds ius name from the publia 
W e meatiou this, for tiu purpose of informing our Coirefc]X)ndents, that no evSns 
municalfbna ate adinjanble unless we know the name of then author; oitd of n- 
questing those who have sftnt us communications of this k#id, to fatroar 
With their names.—'lilD. 




8 Account of some remarJcahle Ripples 

in an extraordinary manner. Some of them not only dashed 
the water many feet up the side, but actually shook the sMp in ' 
a very semnblc degree. ' 

As we approaclied the line joining the north end of Sumatra 
and the Nicobar l.^lands, the ripples became more frequent and 
more violent. During the 5th of September- one passed the ship 
about every quarter of an hour The wind at tliis time was 
between north-east and qast, very light and variable, and some¬ 
times calm; w hich rendered the effect of these ripples during the 
stillness of the night not a little striking. At first, a low hollow- 
sound was heard, like that caused by a surf on a distant coast: 
it gradually became louder and louder; till at length a long 
foaming streak was discovered advancing rapidly towards the ship, 
which it soon surrounded, and then all was noise and commo¬ 
tion. This lasted for a few minutes, when the ripple moved 
past to the north-east, its sound becoming fainter and fainter; 
and it often occurred, that ju^it as one ceased to be heard, ano¬ 
ther was perceived, and so on during all the night. Notwith¬ 
standing our distance from the shore, it was impossible to be 
without some alarm at first, when thus completely surround¬ 
ed by breakers, habitually associated in the minds of sailors 
with the most formidable of all dangers. 

During one evening the following curious phenomenon was 
observed. Whenever the ship entered one of the ripples, the 
wind immediately freshened, and at the same time changed its 
apparent direction ; but, upon quitting the ripple, the wind in¬ 
variably resumed its original velocity and direction. 

Before suggesting any theory to account for this circum¬ 
stance, it is right to state the facts precisely. The wind, which 
was very light, was blowing from north-east by north, (neasiy 
N. S4>° E.) The ship’s head was west south-west, (W. 22^ S.), so 
that her course,fonned with the w ind an angle of 146°. The rate 
of sailing was one mile and a half in the hour. When the ship 
entered the ripple, the wind invariably changed to north ; or, to 
speak more correctly, the vane, w'hich before stood north-east 
by north, was now turned to north, so as to form an angle of 
only 112° with the course. At the same moment, an obvious 
increase in the strength of the wind took jilac^wnOii gettiiKg in- 
smooth water again, the vane returned to north-east by 
porth, anfi the wind instantly lulled. • 



near the northern entrance of the Straits qfMalaeca. * 

This phenomenon may be accounted for in two ways; either 
“by suppofflong that there actually was a change in the force and* 
direction of the wind "incident to the ripples alone, or else that 
th^ was a Iqpal current which belonged* to them, and not to 
the contiguous sea. It seems less difficult to conceive the last 
supposition; which wp are farther led to adopt, from having dis¬ 
covered, by means of chronometers, and good meridian alti¬ 
tudes of the sun f^d stars, that the ship, during^ the day, had 
actually been set to the north-west by west, (N. 56 W.) at 
the rate of nearly one mile an hour, strictly 0.79 of a mile *. 
A reference to the figure, Plate I. Fig. 1., will shew how a current 
in that direction would account for tlie facts. Let the shaded 
space FG be tHl^ripple, AB the ship’s course (west south-west,), 
before entering it, and H the direction of the wind. On ent^- 
ing the ripple at B, suppose the influence of the current to 
'commence,^then the ship’s true course, or the path she actually 
takes, win be the diagonal of the parallelogram of which tho 
ship’s apparent course and rate of sailing furnish one side, say 
W. S. W. 1.88 (BC), and the temporary current N. W. b. W. 
6.84 (CD) another ; then the true course, while in the ripple, 
will be W. N. W. 8, (BD) ■f; DE, the course after quitting 
it, as before, W. S. W. Now, it is clear, tliat if a ship sail¬ 
ing in the direction AB with the wind H, is suddenly car¬ 
ried out of her course in tlie direction BD, an apparent al¬ 
teration in the wind must take place. The degree of this 
change will depend upon the relative velocities of the wind 
and tlie current. If the velocity of the wind in both cases 
could be exactly determined, together with the cliange in the 
a^gle of its direction, a means of ascertaining the force and di- 
Aiction of the current would be afforded. The experiment, in-> 
deed, would require much care and nicety; but as the result 
might lead to the most important conclusions^ in the very ob^ 
scure subject of currents, it is greatly to be desired that navigft. 
tors would permit no opportunity to pass, without endeavouring 
to furnish more accurate observations. 


. *’The accarateCwtain Horsburgb, ia describing these ripples, says, that they 
fait always' asnewpanied' by curreQts. 

These numbers, 1.88* &c. serve merely to express the su^^osed ratted the^ve* 
lofUlcs of thejjjo forces acting on thijS ship, and that of the resultant or true coursa, 
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It is worthy of remark, that while the ripples proGeedetd past 
the ship in a north-easterly direction, the ship was ascertained 
to have been set by a current to the noi th-westward. In the 
above account it is suggcbted, that the current was inddent to 
the ripples alone; but future observers, furnished with good 
chronometers, would do well to ascertain whether this be the 
case or not ^ The rate at which the ripples themselves proceed, 
and their direction, ought also to be carefully observed. 

Dr Wollaston, upon seeing the above statement, suggested, 
that the ripples might possibly be caused by the meeting of 
great waves coming from different oceans. In the case describ¬ 
ed, such waves may be supposed to have come from the Bay of 
Bengal, or the northern parts of the Indian Oiean on the one 
hand, and from the southern Indian Ocean on the other. This 
hypothesis is at least extremely ingenious, and worthy of the at¬ 
tentive consideration of navigators, who may have opportuni¬ 
ties of re-examining tliese interesting phenomena. 

Vega. 


Aet. III .—On the CoUmr the Grecnh/nd Sea .—By W. 

ScoKEsuyjMn., F. R. S. E. and M. W. S *. 

XlIE colour of the Greenland Sea varies from ultramarine 
blue to olive green, and from the most pure transparency to 
great opacity. Tliese appearances are not transitory, but 
permanent; not depending on the state of the weather, but on 
the quality of the water. Hudson, when he vi«ted tliis quar¬ 
ter in the year 1607, noticed the changes in the colour of the 
sea, and made the observation, that the sea w-^as blue where 
there was ice, and green where it was most open. This circums- 
stance, however, was merely accidental. Captain Phipps does 
not appear to haie met with any of the green water This 
kind of water occurs in considerable quantity* forming, perhaps, 
one-fourth part of the surface of the Greenland Sea, between 
the parallels of 74° and 80°. It is liable to alterations in its po¬ 
sition, from die action of" the current; but stiU it is always re¬ 
newed, near certain situations, from year to .year. Often it 
constitutes long bands or streams, lying nortfK-And souths or 

—S-—_1___ 1 - 

• Extracted, by peitniSMOn of the author, fiom lus jiccovttt of the ArHic Re- 
f^onSf now in tHe press.—To 
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nordi>«aBt and south-west; but of very variable dimensions: some¬ 
times, I have seen it extend two or three degrees of latitude in • 
length, and from a few»miles, to ten or fifteen leagues in breadth. 
It occurs very commonly about the meridian of London, in 
high latitudes. In*the year 1^7, the sea was found to be of a 
blue colour, and transparent, all the way from 12° cast, in the 
parallel of 74* or 75% to the longitude of 0° 12' east, in the 
• same parallel. It then became green, and lesr» transparent. 
The colour was nearly ^ra^s-green, with a shade of block. 
Sometimes the transition between the green and blue water is 
prt^essive, passing through the intermediate shades in the space 
of three or four leagues; at others, it is so sudden, that the line 
of separation is seen like the rippling of a current; and th^* 
two qualities of the water keep apparently as distinct as the w#* 
ters of a large muddy river, on first entering the sea. In 1817, 

1 fell in with such naiTow stripes of various coloured water, that 
we passed sfreams of pale green, olive green, and transparent 
blue, in tlic course of ten minutes sailing. 

The food of the whale occurs chiefly in the green coloured 
water; it therefore affords whales in greater numbers than any 
other quality of the sea, and is constantly sought after by the 
fishers. Besides, whales are more easily taken in it, than in 
blue w'ater, on account of its great obscurity preventing the 
whales from seeing distinctly the approach of their enemies. 

Notliing particular being observed in this kind of water, 
sufficient to give it the remarkable colour it assumes, I at first 
imagined that this appearance was derived from the nature of 
the liottom of the sea. But on observing that the water w'as 
ver^ imperfectly transparent, insomuch that tmgim of ice, 
twaj or three fathoms under water, could scarcely be discerned, 
and were sometimes invisible, and Uiat the ice floating in the 
olive-green sea was often marked about the edges with 
orange-yellow stain,*I was convinced that it must Ik* occasioned^ 
hy some yellow substance held in suspension by the w'ater, cap¬ 
able of discolouring the ice, and of so combining w ith the natu¬ 
ral blue of the se;^ as to produce the peculiar tinge observed. 

For the purpose of ascertmning the nature of the colouring 
substjince, and 4 <«wbmitting it to a future analysis, I procured a 
quantity of snow from a piece of ice that had bSen washed by 
the sea, an^w^as greatly discoloured by the deposition of some 
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peculiar substance upon it. A little of this snow, dissolved in 
• a wine glass, appeared perfectly nebulous; the water being 
found to contain a great number of semi-transparent spherical » 
substances, with otlfbrs resembling small portions of fine hair. 
On examining these substances ^ith a comppund microscope, I 
was enabled to make the following observations. 

The semi-transparent globules appear^ to consist of an ani¬ 
mal of the medusa kind. It was from l-20th to l*-30th of an . 
inch in diameter. Its surface >vas marked mth twelve distinct • 
patches or nebula?, of dots of a brownish colour; these dots 
were disposed m pairs, four pairs, or sixteen pairs alternate¬ 
ly, composing one nebula. The body of the medusa was 
transparent. When the water containing these animals was 
feated, it emitted a very strong odour, in some respects resem¬ 
bling the smell of oysters, when thrown on hot coals, but much 
more offensive. The fibrous or hair-like substances, were more? 
easily examined, being of a darker colour, Thejr varied in 
length from a point to one-tenth of an inch ; and when highly 
magnified, were found to be beautifully monUiform. In the 
longest specimens, the number of bcad-like articulations was 
about thirty; hence their diameter appeared to be about the 
l—SOOth part of an inch. Some of these substances seemed to 
vary their appearance; but whether they were living animals, 
and jxissessed of locomotion, I could not ascertain. From one 
of the larger specimens I observed some fine collateral fibres. 
They possessed the property of decomposing light; and, in 
some cases, showed all the colours of the spectrum very distinct¬ 
ly. The size of the articulations seemed equal in all, the difie- 
rence in length being occasioned by a difference in the number 
of articulations. The whole substance had an appearance v^y 
similar to the horns or antennae of shrimps, fragments of which 
they might possibly be, as the squillae are very abundant in the 
liJreenland Sea.* • , 

I afterwards examined the different qualities of sea-water, 
and found these substances very abundant in that of an olive- 
green colour, and also occurring, but in less quantity, in the 
bluish-green water. The number of medusae In the ohve-grecn 
sea was found to be immense. They were alVut one-four^ of**’ 
fm inch asimier. In this proportifjn, a'cubic inch of water 
plus! contain 64; a cubic foot 110,592, a (;ubic fathom 
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53,887,872; and a cubical mile about 23,888,000,000,000,000!, 
From soundings made the situation where these animals were 
found, it is probable the sea is upwards of a mile in depth; but 
whether these'»substances oceiipy the whole depth is uncertain. 
Provided, however, the depth to which they extend be but 2^ 
fathoms, the above irilinense number of one species may occur 
in a space of two miles square. It may give a befter concep¬ 
tion of the amounts of medusae in this extent, if we calculate the 
length of time that would be requisite, with a certain number 
of persons, for counting this number. Allowing that one 
person could count a million in seven days, which is barely 
possible, it would have required, that 80,000 persons should 
have started at the creation of the world, to c()mplete the einfir 
raeration at the present time ! 

, What a stupendous idea this fact gives of tlie immensity of 
creation, ar*l of the bounty of Divine Providence, in furnishing 
such a profusion of life in a region .so remote Irom the habita¬ 
tions of men ! But if the number of animals in a space of two 
miles square be so great, what must be the amount requisite for 
the discoloration of the sea, through an extent of perhaps 
twenty or thirty tliousand square miles ! 

These animals are not without their evident economy, as on 
their existence possibly depends the being of die whole race 
of raysticete, and some other species of cetaceous animals.' 
For, the minute mcdusje apparently afford nourishment to the 
sepiae, actiniae, cancri, helices, and other genera of Mollusca 
and Aptera, so abundant in the Greenland Sea, while these latter 
constitute thd food of several of the whale tribe iuliabiting the 
saAie region; thus producing a dependent chain of animal 
liTe, one particular link of which being destroyed, the wdiolo 
must necessarily perLsh. 

Besides the minute medusse and moniliform* substances, the 
water of the Spitzhergen Sea, taken up in latitude 77° 30', was 
found to contain several species of animalcule.s. Of these I dis¬ 
covered three kinds, full of animal life, but invisible to the naked 
eye. 

•• There can be^o doubt, I think, after what has been advan- 
ocd,*that the medusae and other minute animals,tiiat have been 
described, give the peculiar colour to the .sea, which i'^ obsorv^tl 
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, to prevail in these parts; and that from their profusion, they 
are, at the same time, the occasion o^ that great diminution . 
of transparency Wiicli always accompanies the olivc-gr^n 
colour. For in the blue water, ‘where few of the little medusa? 
exist, the sea is uncommonly transj)arent. Captain Wood, 
when attempting the discovery of a nordi-east passage, in the 
year 1676, spunded near Nova Zembla in 80 fathoms water, ^ 
where the bottom was 'not only to be seen, *but even the shells ^ 
lying on the ground were clearly visible. 

Never having bc'en in a very high latitude during any part of 
the year when the sun sets, I have never observed whether the 
Greenland Sea possesses the property of shining in the dark. 
IThere is, however, great reason to believe, that as die luminous¬ 
ness of the sea is often derived from small animals of the medu¬ 
sa kind, that the green-coloured water found in the GreenlaniJ 
Sea would be strongly phosphorescent. 


Art. IV .—On Poppy Oil. By John Young, Fellow of the 
Royal College of Surgeons of Edinburgh. 

The cultivation of the poppy to a great extent, for the bene¬ 
fit of its oil, as an article of food, and for other useful purjiGses, 
has long been carried on in France, Brabant and Germany, and 
more recently in Holland. 

Although it was long since known that the seed of the pt)ppy, 
and the oil obtained from it, do not possess narcotic properties, 

and diat it was baked into cakes, and used as an article of food 

' I 

by the ancients, yet there has been much contention respectifig 
the propriety of using it. In France, about the beginning of 
the seventeenth century, the opposition to the general use of 
poppy oil, as an article of food, became %o violent, that the 
Lieutenant-General of die Police of Paris ordered the medical 
faculty of that city to make the strictest examination concerning 
this point; and they reported, that as there is nothing nar¬ 
cotic or prejudicial to health in the oil, the use of it might be 
permitted. But this decision was unsatisfac^'rv; and popular 
(clamours deteftnined the court to pass a d&ree in the year 1718, 
prohiLating the sale of poppy oil, whedicr mixed, or unmixed. 
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The sale of the article, however, was clandestinely encouraged, 
and gradually increased, until the year 1735, when the court 
i.<sued a severer decree, enjoining the sup§rintendants to mix a 
certain quantity of the extractor turpentine witli every cask con¬ 
taining 1100 lb. of this oil, of which not less than 2000 casks 
were consumed in Pairis alone. 

But the secret demand for it increased till the'year 1773, 
when a society of agriculture undertook to examine all that had 
been alleged for and against the general use of this oil. Expe^ 
riments were repeated in the presence of the most distinguished 
chemists, and the society presented a petition to the Minister of 
Police, setting forth the great advantages that would accrue, 
both to commerce and agriculture, by reversing the prohibition 
This society again made several experiments in tlic year 1776> 
,and finally confirmed the decree of tlie faculty in 1717, declar¬ 
ing that the oil of poppies was not injurious to the health; that 
it did not contain a narcotic power, and that it might be recom¬ 
mended to general use with the utmost safety. From that time 
to the present, the cultivation of the poppy has not met with 
any formidable opposition, and has increased to such a degree, 
both in France and Brabant, that they have been able to export 
a considerable surplus, to the great advantage of the husband¬ 
man as well as the merchant; and in seasons of scarcity it has 
been found of the most essential service in all cases where the 
use of oil was required. In the northern parts of France, it was 
used by soap-boilers as a substitute for other oils, which were 
extremely dear; and in Brabant the oil-cakes are constantly used 
as food for cattle, with obvious benefit. 

ft is well known that maw-seed, obtained from a variety of 
tfie poppy, has long been used in this country for feeding birds. 
I have a canary that has been fed upon white poppy-seed for 
many months; and J[ supplied a person with this*seed who breeds 
canary birds for sale. He gives them nothing else to eat, and 
observes that they thrive as well as when fed upon common 
seed. According to Dr Alston *, the poppy seed is used in food 
in some places, as well as the expressed oil, which, he says, is as 

-innocent and wholesome as olive oil. And Mr Kerr f relates^ 

• 

• Edin. Med. Essays^ vol. v. p. 110. Lend. Med. Ohserv. vol. v. p. 310^ 
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that the seeds of the poppy are sold in the markets, and are 
reckouedl^elicious eating; they are used in emulsions, and en-* 
tcT into the cotding^ prescriptions of the Hindostan physicians. 
This is corroborated by A. W. I^vis * : According to him, the 
seeds are valuable for the oil they contain; a'nd, as an article of 
food, are in great request with tlic natiscs; and when used 
in this way, it is scarcely to be distinguished from olive oil, 
which is often adulterated with it *f*. I havcpscen large quanti¬ 
ties of poppy seed exposed for sale in the bazaar of Calcutta. 

We are told bv Mr C. A. Fisher, in his Letters written du- 
ring a journey to Montpellier, in the year 1804, that the oil of 
Provence, which, on account of its purity, mildness, and fine 
flavour, is famous all over Europe, is exported to Italy in large 
quantities, and was formerly exported to many distant countries; 
but since the hard winters of 1789 and the following years, so 
many olive trees have been frozen, and, during tlig revolution, 
so few planted, that Aix (winch was the principal seat of its 
traffic) has now entirely lost its first and most lucrative branch 
of commerce. 

Two inferences may be drawn from the preceding observa¬ 
tion. Our best oils, though imported from Italy, ai-e probably 
of tlie growth of Provence, and it is still more probable that the 
inferior sorts could not be afforded, even at tlic present price, 
-without a large mixture of the poppy oU. 

It is generally admitted, that certain crops sown according to 
die drill system, come to greater perfection than when sown in 
the broad-cast way. That this is tlie case with the poppy, will 
appear from the following statement. 

In cultivating the poppy for opium, I sowed it in diree dire¬ 
rent ways. 

The first broad-cast, upon beds three feet wide, with an alley 
between, and thinned out to the distance of fpur and five inches. 

The second on beds three feet w^ide, in rows, six rows to a 
bed, and six inches between the plants. 

Tlie third on the spaces between rows of early potatoes, four 
feet wide. Two rows of poppies on each space; twelve inches 

• Transactima of the Societii/ of Arts, vol. xvi. p, 275. 

0 • 

■V P,cos’s C^rloptedia, vol, xxv. art. Oil of Poppy Seed oi Pink Oil, 
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between the rows of poppies, and eight inelies between the pop-, 
py plants : Three fec^ between each dijiible row of poppies oc¬ 
cupied by one row of early potaU)es. * 

The first produced only on» capsule, the second two, and the 
third produced, upon an average, four full-grown capsules; 
some of the last had Seven or eight capsules. 

The seed of the poppy ccjraes to maturity after^tKe extraction 
of the opium. And when it is considered that it yields more 
than a third part of its weight of oil, and that a crop of early 
potatoes, equal to 36 bolls per acre, can be raised by the same 
culture upon the same space of ground, with a crop of opium 
equal to 56 lb., there is scarcely any plan that can be devised 
which would prove equally profitable to the cultivator, or more 
beneficial to the community. 

, One acre of })()ppies cultivated in wide dnlls, as I have al¬ 
ready descFfbed, will produce, in a gtiod season, 1000 lb. of 
seed, which will give by expression 375 lb. of oil. 

After the opium harvest is over, the seeds will be ready for 
gathering about the end of August This is to be done by 
drawing the entire plants out of the ground, binding a sufficient 
number together, and placing them against each other, in the 
manner of corn-sheaves, and letting the whole remain in the 
field a few days, until they are perfectly dry; then laying the 
sheaves upon a large cloth, bruise the capsules and sliake out 
the seed, which is afterwards to be passed through a sieve of a 
proper size. 

It IS advisable to extract the oil as soon after the harvest as 
possible, as the seeds will yield a larger quantity than wdien long 
k^t; besides, when the seed is long kept, the oil will neither 
be so good nor so well coloured. It is of the utmost inqiortancc 
tliat mill, press and bags, be perfectly clean and pure. 

The first oil is destined for the use of familtcs; this is cold 
drawn, as any degree of warmth injures the flavour. After as 
much is extracted in this manner as possible, a considerable 
quantity, of inferior quality, is obtained, by heating tlie cakes, 
and pressing them* a second time. 

^ That which is at first expressed is of a pale colour; is pecu- 
liarly*bland and'"soft ;*has a flavour approaching ^lat of the al¬ 
mond oil; it is used for salads and other domestic purposes, 
either alone dr mixed with olive oil. Should the lattcn* be stale 
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. or rancid, it Mill be considerably improved by a mixture of re¬ 
cent poppy oil. j 

Tlie oil expj-essecbinust remain for five or six weeks before It 
is used, that it may deposit in a*-sediment a kindpof milky sub¬ 
stance that is mixed >vith it. It must then lie poured into ano¬ 
ther vessel, and tins should not be perfectly closed at first, but 
the opening Ije covered with a linen cloth or a pricked bladder, 
that certain exhalationsf'may pass; nor shouM the oil be imme¬ 
diately used after the process is finished, as it continues to im¬ 
prove for a considerable Icmgth of time. 

Holland was supplied with this oil for a considerable time from 
France. It was sold there under the name of olive oil, or mix¬ 
ed with it in considerable abundance; and it is believed that a 
great projxirtion of the olive oil used in this country is mixed 
with poppy oil. 

The second drawn oils are of a deeper colour, mid are appli¬ 
cable to all the purjxises of tlie more common oils ; and artists 
give a preference to the finer sort of it as a drying oU. It pre¬ 
serves the colour of some kinds of paint better than the other 
drying oils, and is free from Uieir disagreeable smell. 

Dr Cogan * states, that in the year 1799 the poppy was cul¬ 
tivated in Holland solely for its od and oil cakes, which yielded 
a profit of about L. 8 Sterling per acre, after paying expences. 
"The oil of the first quality at that time being valued at 5s. 6d. 
and the second at 5s. per gallon. But when it is considered 
that the poppy is proposed to be cultivated in this country for a 
more valuable puqiose than for its oil only, tlie additional ex¬ 
pence of collecting die seeds, and expressing the oil, will bear 
but a small proportion to that incurred in Holland. For ifi ap¬ 
pears that there the expence amounts to more than half the Va¬ 
lue of the wliole crop. 

Estimated value of the produce of one acre, 

250 lb. oil, cold drawn, at Is. 6d. - - L. 18 15 0 

125 lb. do. warm. at 6d. - - - 3 2 6 

500 oil cakes, at 18s. per 100, - - - - 4 10 0 

^ L.26 7 -6- 

^ The following account will ^ve an idea of the proportion of 
oil which the seed contains, and the expence of pressing, &c. 


Bath Pttpern, \ol. art. 
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Londmi, Jamiary 1819. 

Mr J. Young, • 

To Thos. DaVy, Son & Mends. 

For expellees on .86 lb. Sem. Pap. alb. received from him for 
pressing, producing 

lb of oil, Sem. pap. alb. 

43 lb. cake. 

Viz. Bottle for oil, 3s. 8d. 1 

Proportion of exjiences up, 4s. j 
Pressing 86 lb. at 19s. 

Hani{)er, 2s. 6d. Shipping, Is. 


From tins account there appears to have been a loss of 11 lb. 
of the weight. But it is evident the proportion of loss would be 
much less when conducted upon a large scale; and had the seed 
been more recently collected, the proportion of oil would have 
been much greater. 

Should the oil of superior ipiality answer the description given 
of it, and be more palatable than the olive oil in common use, 
12s. per gallon may perhaps be too low an estimate. . Salad oil 
is at present sold at 2b. 6d. or 3s. per English pint. 


L.O 7 8 

0 14 7 
0 3 6 


L.1 5 9 


Akt. N .—Account a new Style of Engraving on Copper in 

Alto RelicvOy invented by W. Lizahs. Drawn up from in¬ 
formation comraumcated by the Inventor. 

The progress which has been made during the last thirty 
years, in the Mechanical Arts, and in the application of Science 
to the usefyl purposes of Hfc, has been no less remarkable for 
its rapidity, dian for the variety and importance of the inven¬ 
tions by which it has been marked. The history of the Fine 
Arts during the same period, though it docs not pre&ent us with 
any very splendid achievements, has yet to record some striking 
• specimens of their advancement. One of the most important of 
these, is undoubtedly^ the invention of Lithography ; an art ^ 
which copies of drawings of all kinds can be multiplied with such 
a degree Tif accuracy and fagUity, as to be a complete substitute 
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tor copj>er-plate engraving, and, at the same time, at such a 
cheap rate, that the original cast of the stone, and the expence 
of preparing it, either by a transference of the drawing to he 
multiplied, or by a direct delineation of it upon the stone, bears 
almost no proportion to the expence of cut^ng it on copper* 

It is impossible to speak too highly of the great advantages 
of Btonc-printibg, in those cases to which it is really applicable; 
but there is some risk of forming too high an estimate of its 
powers, and we fear that the public expectations are too san¬ 
guine to be ultimately gratified. 

In all these cases, where the expence of copper-plate engrav¬ 
ing is very great, compared with the expence of paper, and of 
taking off the impression, whether this difibrence arises from the 
smallness of the number of impressions, or from the difficulty 
of the engraving, the art of lithography is peciiharly valuable.' 
But when the subject to be engraved is a mere outline, such as 
tkagrams, the expcnce of cutting which on copper is very trif¬ 
ling, or when the expence of paper and of taking the impression 
is very great, from the number of impressions to be thrown off, 
then the original cost of the engraving, even if it has much 
work upon it, forms such a small part of the whole expcnce, 
that it would not be advisable to multiply it by stone printing. 

When we consider that the expence of paper is the same in 
both arts; and that the method of taking impressions from 
stone, is more troublesome and less certain thnii in taking them 
from copjier, we shall have no difficulty in distinguishing the 
particular cases in which we should have recourse to lithography. 

The ai't of engraving upon wood, though imperfect from ^he 
very nature of the process, possesses great ailvantagcs. Tf ye 
wish to illustrate a subject by a single diagram, we are enabled 
to do it by a wood engraving, which is printed from it along with 
the types, and which therefore saves all the ^xpenc» of throwing 
off* the impressions separately, and also the expcnce of a sepa¬ 
rate leaf of paper. In many instances this saving amounts to a 


great sum, and the original expence nf the wood engraving is 
comparatively nothing. We have, besides, the great advantage 
of having the diagram or figure adjacent to thf descriptipn of* 
Sf, an advant%,ge which those only can appreciate who spend 


much of tlieirtime in the study of mathematical and p\j^ical works. 
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The new art of engraving upon copper, which Mr Lizars has 
invented, is a substitute for wood engraving, in the same man. 
,ner as lithography iS a substitute for cooper-plate engraving; 
but while Mr Lizars has given us a cheaper art for a more ex¬ 
pensive one,* he Jias also given us a more perfect art for one 
wliich is full of irnp^ections. The invention of lithography, on 
the contrary, was the substitution of an imperlect, for a perlect 
art, and whatever progress it may yet make, can never ex¬ 
pect it to exhibit that union of bold and delicate touches by 
which stroke engraving is characterised. 

In wood engraving, as will be seen from the vignette on the 
cover of our Number, all the white parts are cut below the 
general surface of the wood, while all the black lines which 
constitute the picture, are left on the level of the general sur¬ 
face. Hence, it is impracticable to hatch or to leave ujion the 
• surface of ivood elevated lines, which cross each other, with- 
out cutting out the small white lozenges, which would be a 
work of enormous labour, and by no means perfect, even if 
it could be accomplished. All the shadings, therefore, in wood 
engravings, arc formed by parallel lines, which never cross 
one another, as will be seen in the vignette already men¬ 
tioned. In copper-plate engraving, on the contrary, all the 
black lines are cut below the general surface, while tlie white 
parts correspond with the genei'al surface of the copper. 
The art ol“ hatching is therefore extremely easy in this art, and 
we have only to cross tlie lines cut out by the engraver in the 
same manner as we do them in drawing with the pen. 

These observations will prepare the reader for understanding 
Mr.Lizars’ invention, and for forming a correct estimate of its 
^lue. 

The following account of it has been kindly communicated to 
us by himself. 

lu the operation 6f engraving, the desired effect is produced 
by making incisions upon the copper-plate with a steel instrument 
of an angular shape, which incisions are filled with printing- 
ink, and transferred to the paper by the jiressure of a roller, 
which is passed over its surface. There is another mixle of pro- 
Suciijg these lincs*or incisions by means of diluted nitrous acidg 
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which is well known, and in which the impression is taken in the 
kime way. The new mode of engraving is done upon a prin¬ 
ciple exactly the reverse, for instead of the subject being cut 
into the copper, it is the interstice between these lines which is 
removed by diluted acid, (commonly called Aquafortis,) and the 
lines are left as the surface: from which th^ impression is taken, 
by means ofra common type printing-prm, instead of a copper¬ 
plate press. •' , 

This is eflfectc'd by drawing with turpentine varnish, coloured 
with lamp-black, whatever is required upon the plate, and when 
the varnish is tlioroughly dry, the acid is poured upon it, and 
the interstice of course removed by its action upon the uncover¬ 
ed part of the copper. If the subject is very full ol dark shad¬ 
ing, this operation will be performed with little risk ol' accident, 
and with the removal of very little of the interstice between the 
lines; but if the distance between the lines is great, the nsk and* 
difficulty is very much increased, and it will be requisite to cut 
away the parts which surround the lines with a graver, in or¬ 
der to prevent the dabber with the printing-ink from reaching 
the bottom, and thus producing a blurred impression. It is 
obvious, therefore, tliat the more the plate is covered with work, 
the less nsk will there lie in the preparation of it with the acid, 
after the .subject is drawn; and the less trouble will there be in 
removing the interstice (if any) from those places where there is 
little shading. 

A gi-eat degree of facility will be obtained by etching out the 
first line with the common etching-needle, and afterwards put¬ 
ting on the cross line with the varnish; and by this means there 
will be much more variety, regularity, and beauty in the efi^ct, 
than if the whole had been done with the varnish. 

I have found from experience, that the best mode of proceed¬ 
ing is to lay an .etching-ground upon the coppt'r, as in the ordi¬ 
nary operation of etching; to remove the first lines, or rather in¬ 
terstices^ with the needle, and then to put on the cross-lines with 
the varnish. Should this cramp the freedom of the artist in 
some parts, he can easily scrape off the etching-gi’ound, and 
draw those with the varnish. 

Although this discovery must still bo coiTsidered in ifes in- 
^ncy, and very incomplete, yet it is probable that much may 
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be done with it, if proper materials can be found out to work 
with. It possesses every advantage which common engraving 
.does, and at the sam^ time all the advantages of engraving oil 
wood; and, above all, it enables us to prpeure as many impres¬ 
sions as can be taken from ^rpes *. The greatest difficulty to 
be surmounted, is to obtain a substitute for the varnish, which 
will flow from a peli or pencil like Indian ink ; for as the var¬ 
nish has a tendency to dry, and get tough in the pencil, the 
operation is by* this circumstance vary considerably impeded. 
Other substances than copper may be used; and experience 
may prove them to be better adapted to the purpose. I have 
tried wood covered with white lead and strong glue, with con¬ 
siderable success, but not with so much as copper; and it may 
be as well, for the sake of those who may think it worth their 
while to make other trials, to mention, that I have used lead, 
pewter, type-metal, zinc, and brass, all with various success, but 
have stiir found copper superior to them all. Mr Sivright of 
Meggctland, a gentleman well known in this city for his scien¬ 
tific accpiirements, and to whom, during these experiments, I 
was much indebted, used with very great success the same kind 
of limestone which is employed in lithography. 

I have also tried various kinds of vaniishes, viz, mastic var¬ 
nish, japan, liquid etching-ground, copal varnish, and spirit var¬ 
nish, but have found the best to be common turj»entine varnish, 
or resin dissolved in turpentine. 

EniNBUftGH, October 1819. 


’Art, VI .—On ifie Application of a view mode <yf Analysis to 
the theory and summatwn of’ certain esetenshw classes of 
Series. By J. F. W. Hkrschel, Esq. F. 11. S., &c. Com¬ 
municated by the Author. • 

X^HE first idea of separating the symbols used in analysis, to 
denote the operations by which one function is derived from 

• I have not not been able to find out the number of impressions which types 

w ill take, but I have been informed that an edition of 20,000 was printed from a 

* • 

Gaelic Testament a^ the University Press here, and stcieotype plates afterwardi 
cast from same types without any apparent diminution of tlicir sharpness. 
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another, from those employed to represent qaantitics themselves, 
and of cxpressiH^ the relations subsisting between operations of 
different kinds, by equations among their rcharacteristic letters, 
is due to M. Arbogast; and however wide and interesting the 
field it lays open to sjieculation, 1 am not aware thdt it has been 
much cultivated by others. In a late publication *, I have endea¬ 
voured to shew the elementary simplicity anh luminous elegance 
which the use® of this method is calculated to introduce in the 
method of differences; and in a paper printed' in the Transac¬ 
tions of the Royal Society for 1816, liavc endeavoured to ex¬ 
tend the method itself to cases not within the contemplation of 
its inventor, and to make it the basis of ivhat I think may fair¬ 
ly be termed a new mode of symbolic representation, and one 
jxissessing peculiar advantages where it can be employed. In 
the following short essay, I might perhaps take for granted the 
fundamental tlicorcm there demonstrated; but as the original 
prixif is unnecessarily complicated, the following one,* which is 
much shorter and more simple, will not be irrelevant. 

(1.) Let f{e*) represent anyfunctionof eS (where71828....) 
and let us suppose it developed in powers of t in the series, 

Aq -|-Aj. i-f-Ajj. q- &c. 

U'o determine tlie coefficient of we have 




'—1 


1 ) 


=/(!)+- -j- -fiK + '—YJ-J" (1) + 

Now» the ce-effieicnt of* in /‘(I) is 0^ X ./'(I)- in the second 

tcnn‘-^^ •/' (1) It IS In the third, 

(c — 1_ o J I ^ cfA _o 1 a; I l\x 

-f" ™ r (1) it is- --t-'i 

f" (1) « , 

X P the numerators of these fractions are 

respectively the first, second, &c., differences of the powers 
of the natural numbers 0, 1, 2, &c., and denoting these by 

AO'*, &c., the whole co-efficient of f will be 


Ti.iuola'ijn of Lacroix’. DiffeicntiHl .incl Integral TaU ifliis.—Appendix. 
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f AO* A®0* \ 1 

Now, if we observe that the symbol operated on (0*^) is the same 

in every term, ^nd that any expression, such as ^(1 -f A) 0* is 
only an abbreviated mode of denoting that, when <lcvclopcd in 
powers of A, each pbwer so produced is to be applied imme¬ 
diately before the power of 0 annexed, with its proper co-eflU 
^cient, we shall have’for the abbreviated <?xpression of the above 
co-efficient, A =r 

’ X 


+/'(!) ^/" m-a + 

./•(l + A) 0" 


(A) 


(2.)—Thus, provided we Iiave the nieansofestlniaung the value 


uf/(l + A) 0*, we are furnished with that of A*; and vice versAj 
if by any method the value of Ag, become known, the value of 
y(l -|- a) 0* IS given by the equation, 

/(l4-A)0* = 1.2....a;A^ (B) 

Now, here it must be remarked, that whatever be the form of f 
whether algebraic or transcendental, the value of this expression 
is necessarily limited to a finite number of terras, by reason of 

the property of these differences, which gives A™ 0* =0 for 
every value of m greater than a:;, so that the series of which 


y (1 -j- A) 0* is an abbreviation, necessarily breaks off after a' + 1, 
terms though apparently continued to infinity. 

(3.) The following values of y (1 A) 0* for different forms 
of tlf? functiony will be useful to us hereaf ter. 

(1 -f iff' 0* — whatever be the value of vi (C) 

. (») 


1 2 ^* —1 
2-fA*^ ‘ 2.r (E) 


where is the a**’ number of Beniouilli, 

X — p • 

• . /{ (l.+ i)“ }o*=.u"x/(l + A)0». (F) 

which are immediate consequences of the equation B, if the par- 
ticular foriij ofybc substituted Ibi the general. 




96 Mr Herschel on the application of a \ew mode of Ana^c 
(4.) Let us now consider the scries ' 

S = A„. 0” + A^. 1” + A,.,S’’ 4- &c. 

By substituting here for o", l", 2”, &c. their values derived 
from the equation *• i 

(1 + Ay\0‘*=w* 

we find 

S = Ap. (1 A)«0*+ Aj. (1 + A)0’* + Ag (1 + A)« 0”+ 

or, separating the symbols of operation from those of (juantity, 

S= |A„a + A)«4.A, (1 + 0 + A. (l + A)« + &c.|o" 

= F (1 + A) O’- 

if we suppose that the co-officients A^, Aj, &c. are such that 
h (i!) ” Ay -f- A j ^ -p Aj, &c. 

We will exemplify tliis in a few particular instances. 

(5.) Suppose we begin with the series ^ 

S = l“— 2" + 3" — &c. ad. inf 

Hcre»\vc have 




and therefore 




c 1 + ^ n’l. 


This, then, is the abbreviated expression for the sum of the pro¬ 
posed series, but if we would obtain its numerical value, we 
must reduce this to a limited number of calculable terms, by de¬ 
veloping in powers of A, and rejecting all beyond thewth^ 

thus we get ’ N 

0^ aO^ A«0” +a”0’* 

'’-2+ -4 

and if wc assign to n particular numericul values, wc obtain 
precisely the same results witli those long ago found by Euler. 
If we take the series 

* 

which is one of very frequent occurrence in analysis, our for¬ 
mula gives for its sum to x terms * . 

tQ+A) — 1 “ +‘(1+a‘)*-<-* . 
i_-j{{r+A) 


4 
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and to infinity? simply, ^ 

* ^ (1 + a) 

1 - / (1 + a7^ ' 

which reduced to a form adapted to numerical computation, 
becomes 

1-^ .• 

(6.) Not, howevei, to multiply instances, x\e shall now go on 
to the more extensive series, whose general terra is 

xf. (a' + h' xf. (a" + h" . 

of which the series, 

I’? 2” « -h 2™ 3N* + 9™ 4” tl + &c. 
is a particular instance; but not to encumber ourselves with un¬ 
necessary hymbols, the method being tlie same fc)r any num¬ 
ber, w’c will c^^nfine our analysis to two factors in each term. 

It we denote by S the sum of the series, and observe that 
(rt +/i a-f = (1 + A) ® 0" 

(a' -h h' xf' = (1 + A) 0”'- 

• we have 

SrzAoO-hA)“0“x(l-|-A)V' +A^ (l+A)‘‘ + *0” 
X(l-f A)“'+*'0“' + &c. 

In order to separate the symbols of operation from those of 
quantity in this case without confusion, we must resort to the 
System ot accentuation I have explained in the paper in Philo- 
sophical Transactions 1816, above alluded to; thus, applying 
an acc^t to the latter A, and a corresponding accent to the 0 
with yhich it is to be connected, wx' mark them as it were for 
ca(^ otlicr, and a tcinjioraiy s-qiaration by way of abbreviation 
transformation will not be any source of confusion. AVe 

have then 

S = IA„ (1 + i)“ (1 + 4')“' + A. (1 + A)“ + A 
(1 + 4')"' ^ |o”0'"' 

• ^ (1 f 4)“ (1 d- 4')“'. F I (1 + 4)‘. (1 + 4')i' [ 0" ()'*'- 
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(7.) For example, the series 1? 2” t +’2™ 3” + &c. has for 

its sura to infinity 


* (V'^ 0 •f ^0 ■ ^ a”* O'” • 

1 — ^ (1/+A) (1 + • 

which is reduced to calculable terras by developenieiit in powers 
of L and A', rejecting all those of the firmer beyond w, and of 
the latter beyond n. Its value to x terms may in like manner 
be readily expressed. 

Thus in the case of the series 1.2— 2.3 + 3.4 — Sec. we find 
I for the value of the above expresaon, the terms multiplied by 
A. A' being the only ones to be retained in the devclopement; and 
this is the same result with that afforded by the usual process, 
though it is obvious that, to arrive by that process, or any gene¬ 
ral expression, (for arbitrary values of m and n), Avould be next 
to impracticable. 

(8.) In the Philosophical Transactions for 1814,T pointed out, 
(I believe for the first time), the possibility of expressing the 
sum of the series 


by means of the transcendent sr and the numbers of Bcmouilli 
alone. The following demonstration of this truth will afford a 
remarkable instance of the use of the numbers comprised in the 
form A™ 0", in what concerns tlie transformation of series. In¬ 
deed many reasons conspire to recommend the introduction of 
these numbers into analysis, in the place of those of Bernouilli. 
Simplicity of expression, and facility of transformation, are al¬ 
ways to be mmed at, and would be attained in the luglk^st de¬ 
gree by this substitution. We ought, too, to add, that the lat¬ 
ter numbers are expressible with ease and neatness, in terms \)f 
the former, an advantage by no means reciprocal. 

The series m question being denoted by S, Eujpr has proved 

( w ^ 

X J the co-efficient of in the dcvelope- 

ment of sec t 

Now sec < = 2 I \} f 
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formula (A), we find for the above co-efficient 

• . ^ -((l + A)'^+- 

1-2.^ t (1 ^ A)^' i 

tliat is, by the transformation (F), writing for 


w that we have • 

Ai) 


v*-f- 1 


s 


1 . 2 . 


.X 


1 + A 

i + Ci+A)' 


0 


ex 


(G) 


It remains to transform tliis latter factor into numbers of 
Bemouilli. Now, 

1 + A a + ^y 

. l + (l^+A)‘ 0+'^) |l + (l+A)»| 

=_1 fu q+^r-n 

2(1 + A)1‘ + (1 + a)« + 1 i 
_ _J_ , . (1+A)-(1 + A)-' 

-20+a)^’'' (1+a)* + 1 


Now _-_0® = 1 by (D) : And we have therefore, for the va- 

1 + A 

lue of the factor in question, 


1 


(1 + A) —(l+A)-‘ 

(l+A)“ + i 


O'*: 


= J+2 


ex 


2 


_ 1 
- 2 



(1+A)L.a+ A>-> »., 
2 + a 


Again, it is demonstrated in the paper above referred to, in 
Phil. Trans. 1816, that we have universally, whatever be the 
form of/ or t^c value of Ar, 


(1 + A)‘ /{I + A)0*: =/(l + A)|j: + 0|' 

the second member Being supposed developed in powers of 0, 
and the operation ^enoted by^* (1 -f- A) being performed on 
each p(Jwer m> arising: for x put 2 x^ for k, ^ and,—in suc¬ 
cession, and for/(l -f- A), , and our expression becomes. 





30 Mr Herschel on- the applkatktn of mode o/T Analysis 

J + (0 + »'-(0-} 

— I 4. ix — i Qa’(2j’ l)(g^— ex—g ■ „ \ 

~2+ 2 + At ^ T^, ^ 


But we ^liave seen that (—1)* 

(liy the trafiaformatioo E) ; and for a? writjng a? — 1 , a; — 2 , &c. 
and substituting in the above expression, we obtain for our final 
value of S ‘ 


(i) 


e* + 1 


{c 


1) 


X 2 

+ - 


3x- 




2a;(2iv —1). 2^^—(2«Jf —1.1) 


B 


ex — ] 


1.2.3 


B 


•2X- 


+ &e 


•■} 


which is the expression referred to. But the valije in (G), wiiii- 
out any transformation, is at once simpler as a symbolic repre¬ 
sentation, and easaer to reduce into numbers. 

( 9 .) L et ub now consider the series 

^ (0 = A 0 . /(O) + A,. /(O -b A,. / (2 6) + &c. 
and endeavour to discover, by direct investigation, all the |)os- 
sible corresponding forms of the co-efficients A^, A^, &c. and 
the function f (tf), which shall render <p (t) equal to a rational in¬ 
tegral function of 6, or 

(tf) = a -f 4 - cfl*® +_ 

For this j)urpose wc must develope <p (6) in powers of 6, and the 
co-efficient of any indetenninate power, ^ 2*^5 being equated to zero 
mth the annexed condition a’>n will furnish the ^ndition 
which resolves the problem. Suppose then 
F (0 = A„ 4-A,^4-A, ^2 
/ (G = «o + 4- &c. 


and M'e shallreadily see that the co-efficiant of 6^^ being tlie sum 
of those in each of its sejiarate terms, will be 

XI Ao.0* A,. 1® + A,. 2* + &c. I 

Now this, as we have already seeif, is expressed by 
Ujc. F (1 4 - a) 0*, hence we must have r 

• a,X F (1 + A)(r = 0; [x > «]. 

There are three ways of satisfying this equation, Jlst, By sup- 
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posing a^ itself to vanish for every value of x greater than n ; 

‘ 2dly, ]1y supposing F*(l + A)0* to do so and, 3dly, By sup¬ 
posing the former of these functions to vanish for some value of 
a?, as, for example, »the alternate odd or even, while the latter 
Vanishes for the others^ (as the even or odd), or any other such 
disposition. The first hypothesis it is not necessary to dwell on, 
•as it givesy’^ a rational integral function pf j, and*therefore the 
»value of (p (fl) is resolvable into several series, whose sums may 
be separately ascertained by (4), which is a particular case of 
this. The second will, on a short examination, appear to be 
contradictory to the previous supposition that F {f) is develop¬ 
able in positive powers of t; and there remains only the third 
method of verifying our equation of condition. 

(10.) Suppose, therefore, we first assume 

o.._, = 0 ; Fa + ^) 0 “ = 0 ; [*>«]; 

the former gives f (tf) = any even function of d (such as cos 0, 
sec e. Sec.) provided only it be developable in powers of d. The 

latter gives F (f) = (any odd function of <) + R (<) where R(0 
represents a rational integral function of i of n dimensions, that 
is 

F (/) = + (e*) —4- (e-') + R (0 

or 

F (0 = + (0 — + ( 7 )+ R (‘"g 0 

when* -4/ (0 denotes an arbitrary function of t. In this case, 
then, we have 

F(l + A)0“={ + (l+4)- + (j;^)}° 

+ R(logl + A)0“ 

The former jihrt of tliis expression, as I have elsewhere demon¬ 
strated, vanishes, whatever be the form of 4* or the value ot x, 
and we therefore have 

F (l.-h A) R (log 1 -f A) 0^'^ 

and therefore 

<p («) = a,. R (log 1 ^ A) 0“ -I- a^. R (log 1 -f A)0 O* + Sec. 
But if we take 
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we .shall find by our general Formulejl (B) 

R (log 1 + A) 0“ = iPo ; R (log 1 + A) 0“ = I. 2 .P 2 , &c. 
wherefore, 

^ (tf) aQ p Q-\- 1.2. a ^ p “f" *• • • 1*^.n^X an pn 6 » 

because in this case « must be an even number. 

We may l>'now at once whetlier any assigned form of F (f) satis¬ 
fies the al>ov3 condition, without actually determining the form 
of 4", by regarding die equation 

.K«)_4,(1)=F(0-R(log0 

as a fundamental equation for finding and enquiring the 
condition of its possibility, which will appear to be 

F (0 + P (i)= R {log 0 + R (— log 0: (K) 

and if on substitution in the first member it be found that there 
does not result either zero, or an even rational integral function 
of log the form assigned to F is contradictory. If, on the 
other hand, such a function does result, it is satisfactory; and 
R (log t) may immediately be had by taking Imlf this result. 

(11.) In exactly the same manner, if the even values of A* 
vanish, and the odd ones of F (1 -P A) O'*, we have f (6) = any 
function developable in odd positive powers of 0 ; and 

F (0 = + (0 ++(i) + R (log 0 , 

which "gives f*or the condition of possibility 

F(0-F(i)=R(log0-R(_log0; (L) 

any odd rational integral function of log f, the half which 
being taken, gives R (log t) and of course the co-eflicients^^^, 
See. which found, we have (n being odd in this case) 

= a^.pi + I.2.B. a, 1.2 .... n x a^. p^; (M) 

(12.) Other cases, though of less analytical neatness, might 
easily be devised; but it will suffice to exemplify these by one 
instance. Let then 


F(0 = «L(l + 0 


r 


and we hav§ 


&e. 

2 " ^ 3 " 





cmatn eueief^^m ckum ^i^'$r%es. ^ 

tKlid iltiafeing all thd substitutions and i<eductions we 

^ • Hii 

^ (0 = “L (2). a„ «• + "L (2). o,_ , r-“ + &C. 
whew, n being* even, (d) mu* be an even function, and the 
last term of (i) will be *L (2). a^ ; but if be odd then / (|) 

must be an odd function, and®““^L(2). willjbe the last 
.term. This is in fact precisely the tlieorem demonsirated in 
•Phil. Trans. 1814. * 

Although when the series* ^6 is susceptible of such a smn 
as that under contemplation, the above investigation will inva. 
riably give it; yet the results* it leads to (though no apparent 
error can be detected in the analysis,) are in some cases at va¬ 
riance with those afforded by other methods, and tliis indicates 
tile necessity of some criterion to distinguish a priori whether 
ally contra^q|;ion is iuTolved in supposing it so susceptible. It 

is ^sy to assign forms to/“(O j (such for instance as ^ ^ 

which shall be alike susceptible of developement in positive and 
negative powers of and it is requisite in many cases to take 
into consideratiem the negative deVelopement in order to get the 
true sum. But to enter into any discussion on this very interest¬ 
ing port of the subject, would for exceed the proper limits of 
the present essay. .a 

Slough, January 9* 1819. 


Aet. Ai. <^On ihe AppUm^an Oairs to Steam^Boats. By 

]l|r Richaed Whyxock, Edinburgh. ' 

It is impossible to observe the motion and the progress of the 
lalest constmeted of oftr Steam Boats, without being convinced, 
that the art of navigation by means of such vessels is yet in its 
infancy. The disadvantages attending tlie present mode of ap¬ 
plying the power to the water, for the purpose of propelling the 
vessel, seem to be very generally acknowledged; but no more 
effectual method has^jet l^n put in practice. 
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The first objection which occurs to thejuffi of wheek i 0 e, fj^ 
pelling the vessel, is, that dicre is ft great waste of power. The 
wheel, at every point of its circumference but one, is eitlier as¬ 
cending or descending. Each of the arms has to be immeraed 
at a considerable expence of power, and tha effect of its applica¬ 
tion to the water, in this direction, would be, to lift the vessel 
out of tho' water, as much as to pusli it forward upon the sur- 
fece, were if not that the force necessary to lift another of the 
arms out of the water, is equal to that which is required to im-. 
merse die former. In other words, the tendency which the de¬ 
scending arm has to elevate the vessel, is counteracted by the 
operation of the ascending arm, which lends to depress it. In 
short, the space in which the revolution of the wheel is of apy 
use in forwarding the vessel, is very small. One-fourth of the 
pow'er, steadily applied in a horizontal direction, would produce 
greater effects. ^ ‘ 

The next disadvantage attending the use of wheels is, that the 
force is applied to the water too close to the sides the vessel. 
It is true, that this is an objection common to all the different 
methods yet put in practice; but in the case of wheels, especial¬ 
ly as they are generally jilaced nearly as far forward as the bow 
of the vessel, the effect is to bring a current against the liead of 
the vessel, which impedes its progress, and occasions an incalcu¬ 
lable waste of power. 

I am aware, that many plans may and have been resorted 
to, in order to obviate the first of these objections, and to sub¬ 
stitute a direct insteafl of a circular motion. One of these is ve¬ 
ry ingenious. It consists of a flat chain passing over ^r<?oiwheelh ; 
and upon this chain are raised small boards standing ok edge. 
As the chain passes in one direction, the boards are immerstd iu 
the water, and return in the ojiposite direction out of tlie water;" 
the two wbcek around which they pass being partiallyunderw^r. 
The whole of the impulse given by these*boards from the lower 
part of one wheel to the lower part of the other, is direct and 
effectual. Such a plan, of course, is only applicable to smooth 
water, because the force of waves would d^troy any slight ap¬ 
paratus before it had been long in motion. It is of far more cemse- 
quence to discover a method by which ^th«/sea could beuiaviga- 
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^ with greater saf^y, at lea^t around the shores of our own, 
• i^nd. ,, 

• The second objection which I have stated against the ute of 
wheels, is more radical and iyiportant than the first. I do not 
know whether it has been taken into consideration, that, by plar* 
cing the wheel or otjiier propelling apparatus too near the side 
d the vessel, a most important advantage has beeh lost, and a 
' principle which ought to have been ver)* obvious, has been over¬ 
looked or neglected. Not only has a resisting force been invi¬ 
ted and called into action, *but a powerful auxiliary force has 
been allowed to remain unemployed. Although this force, to 
which I refer, has not been called into action in aid of the pro¬ 
gress of steam-boats, yet the mdtion of every row-boat, since-the 
oar was first invented, has been pow'erfully accelerated by its 
influence. It must have appeared strange to every accurate ob¬ 
server, that -the rower should be able to exert his strength so ef¬ 
fectually as he doe-s, when it is considered that he holds in his 
hand the short end of the oar or lever. Instead of having the 
benefit of any of the mechanical forces to assist him, he has the 
most powerful of these operating against him. This disadvan¬ 
tage would long ere now have proscribed the use of the oar, and 
occasioned the substitution of some other instrument, were it 
not that the operation of this force, to which I am about to di¬ 
rect the attention of the reader, has, although unobserved, the 
effect of Overcoming tlie disadvantage, and of counterbalancing 
the loss of power occasioned by the use of the reversed lever. 

Wheh the rower takes hold of the water by dipping his oar, 
a doulfle effect is produced. There is first a motion comrauni- 
ented to the boat, equal to what would have been communicated, 
h^ he taken hold of some fixed object, with the point of his 
oar, and exerted the same strength. But, besides the impetus 
which is given to the^bdat by the pressure upon the point under 
the fulcrum of the lever, technically speaking upon the thanh 
pin, (and which impetus would be nearly tlie siune whether the 
oar took hold of the water, or whether it took hold of a fixe<l 
object at the same distance from the boat), there is another 
fm'ce called into a<^ion by the strohe in the water, which would 
not bef obtmned by rhsfcng the point of the oar uix>|i a fixed ob¬ 
ject This force is neither more nor less than a cun’ent occa- 



36 Mr Wbytock on ihe a/pfikation of Ooijrs to Steam-JSoaif. 

sioned by the stroke of the oar. By tbj|^ stroke a curreiit is 
formed in a direction contrary to the motion of the boat in the* 
first instance; but a^necessary consequence of this is, that ano¬ 
ther cuiTent is formed, runniitg, in favour of the boat, and i» 
which die boat is placed. Plate I. Fig. 2.,* wilf show the dt- 
rection of the currents occasioned by th^ stroke of an oar on 
each side of a boat. In the first place. The action of the oar 
in the water" produceSf a sort of vacuum ^-head of the boat, 
which the head of the boat, as it were, advances to supply. The 
same stroke occasions a current in the water, which turns a-stera 
of the boat, puslies it forward, and carries it along with it, as 
long as the efiect of the .stroke continues to occasion any mo¬ 
tion in the water. Unless this way .of accounting for the power¬ 
ful effects of the oar be satisfactory, I humbly conceive, that 
any intelligent correspondent, who can give a better explana¬ 
tion of the difficulty, will confer a favour on, the public* 
by so doing. It must appear very strange, that a boat row¬ 
ed by a single person sliould so powerfully breast the waves, 
and rush along the watery element, when all the power which 
he can. employ, at the further extremity of tlie oar, cannot be 
equal to one-tenlli part of tlie strength exerted. 

If the efiect of the current in propelling tlie boat be so im¬ 
portant, it is certain that this is a power liitherto neglected in 
navigation by steam ; on the contrary, the power of the current 
has been made one of the greatest obstacles in retarding the 
jirogress of the vessel, inasmuch as, from the .situation in which 
the v hecls arc placed,^ the current is brought right against the 


prow, and has the effect of counteracting, in a great measure,, 
the efforts of the labouring engine witlun, and occfilnons a need¬ 
less waste of mechanical force. c 


I only intend farther to ohservcy that it ^qipears to me, thaf 
the most effccbial way to Obtain the advantages of the currej4i(!i^ 
described, is to have recourse to the rcjecteS oar. ^Ahd lest any 


one .should condemn tins paper as too speculative, I shall only 
allude generally to the way in which I believe this couid be apt¬ 
ly and effectually done; and reserve the full description of the 
apparatus to a future occasion, or to be offered in some otHiar 
shape, to thc^ who are direotii]^ their at|faftion and capital to» 
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improvement of ihis new and important branch of naviga- * 
tion. . 

I am aware that the power of steam has been applied to the 
oar, but neverf so far as I kndV, with a view to produce the ef¬ 
fects I have described; but, on the contrary, from the direction 
in which it has been ^plied to the water, it could pfoduce none 
of these favourable effects; that is, it was made t<j take hold of 
Ac water too near fo the side of the vessel, and was thus attended 
with the same disadvantages which arise from the use of wheels. 
In the application of the oar, however, to the steam-boat, it 
would be necessary to use it exactly in the way in which it is 
used by ihe rower, and to make it touch the water in the same 
direction. An attentive observation of his motions will sug¬ 
gest the proper application of the power. He never looks where 
he is to dip his oar; he never calculates how deep he is to im¬ 
merse it. Whether the water is rough or smooth, he takes tlie 
same hold of its surface. If a wave rise and meet the descend¬ 
ing oar, it dips only so far as to take the proper hold of it. If 
the next stroke fall between two waves, the oar descends so far 
as still to reach the water, and to dip the proper depth. This 
is effected solely by his balancing the oar, so as to reduce its 
weight at the extremity to little more than the specific gravity of 
the water; and he soon learns to adjust this by the pressure of 
his hand downwards^ at the same time that he makes the pull in 
a horizontal direction. 

It ifill be evident from this, that the only way in which the 
oar coidd be used under the power of steam, and applied on 
any otiier than smooth water, would be in the way of having its 
specific gravity adjusted, so as always to take the same hold of 
tlie water, whether the rising wave met it, or the receding surface 
r^ired it to descend to a greater depth. 

An apparen^us of the most simple kind would toe sufficient to 
adjust the weight of the oar, so tliat it should always be sunk 
in the water to the depth requir^. Within the vessel balance- 
weights might he used, to reduce the weight of the extremity of 
the oar, as represented in Fig. 8. Plate I. Springs would have the 
sAmc effect, and might be more surely applied. But it is need¬ 
less to go into the d^l of the necessary machineiy. All that • 
I propose is, to communicate the idea, and to suggest the prin- 
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• ciples which, I conceive, have been ove^ooked. And I iwn, 
convinced that the whole appai’atus might^he made more nmple 
than that which is no'iv^ in use. 

The advantages which would attend the use nf oars would 
l)e, that they could be singly replaced, even without stopping 
the machinery. They coi ’ I be elevated "linto a perpendicular 
position, whep it was intended to stop the vessel for a short 
time, and the engine still be allowed to play. And when necessa¬ 
ry to pass close to another ves8e4 the same manoeuvre oould be 
practised. And, finally, when a certain degree of impetus had 
been given to the vessel, such an apparatus would not act in the 
way of counteracting this, the bottom of the vessel being left 
jierfectly clear of all incumbrance. I have no hesitation in say¬ 
ing, that wCTe this plan adopted, there would be a most material 
saving of power, and the velocity witli which the vessel woul<| 
plough the waves, would exceed, in an inccmceivabl^i degree, die 
greatest feats of the kind yet performed. 

Fig. 8. Plate I, represents the balanced oar ; A is a seetkm of 
the side of the vessel; B the end of the oar to which the power 
would be applied ^ C the pivot upon which the oar would turn; 
D the joint of the oar; E tlie lever by which the oar would be 
elevated, and its wdght adjusted; F the pulley over which the 
ainl would pass, and G the weight by which the oar would be 
balanced. Instead of a weight, a strong spni^ m^ht be em¬ 
ployed, such as is shewn at H. 

Along with the drawings which accompany this article, I have 
given a sketch of a screw, (See Fig. 4. Plate I.), which I con¬ 
structed five or six years ago, with a view to a trial of its i^cacy 
in propelling a vessel. Although I was prevented at tliat time 
from completing the experiment, enough was ascertained 
warrant a trial upon a more expensive scale, as soon as time 
and opportunify should permit. The follpwing ia the way in 
which the screws tliat I used were constructed. 

A cylinder of wood 6^ feet long, and inches thick, 
was divided by means of a cord in a spiral direction. The 
coni made 3^ turns in the length of tlie pole. The sole 
use of this cord was to show the direction of the spiral line, 
^until it was* marked out and pierced ^Irah a succession of 
holes, at distance of about two inches between each. Into 
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Wiese holes slender r^s were fixed at right angles from the 
.N^linder. The skeleton of the screw being thus fta'ined, a 
piece of soft twine was fixed to the first of’these rods, close to 
tlie pole, and carried to the second, around which it was made 
to turn once, 'and then to the third, and in like manner along 
the whole of the rodsf Then it was brought back in the same 
manner in an opposite direction. By repeating this process, a 
^ web was formed frdm the cylinder to the points of the rods; 
land thus the form of the screw which I reckoned best adapted 
for the purpose was obtained. The rods being ten inches 
long, and the cylinder 6^ feet, and the screw consisting of 
SI turns, the mean angle at which the screw pressed upon 
*the w'ater, was one of 45 degrees. Pitch was then applied, 
to give a solid body to the screw thus foraied, and the web 
tw.actly resembled that of a duck’s foot 

Having olitained the measurement, and the exact shape of a 
boat which la}*^ at one of the lochs in the neighbourhood of 
Edinburgh, I had a frame made to support two screws, and of 
a shape and size to fit the boat; because without getting a boat 
mode for the purpose, I could not apply one screw alone. As 
soon a's the screws were let down into the water, and the boat was 
pushed off by means ©f the boat-hook, the upright handles, with 
which the screws were intended to be put in motion, began to 
turn round in the opposite direction ; so that by this alone, the 
way in which they would operate became evident, although it 
was only the intended motion reversed. When force, however, 
was applied to turn round the handles, the breadth of the 
screws, and their too deep immersion in tlie water, rendered it 
ncjcessary to apply a degree of pressure whidh did not consist 
#ith their delicate structure, and the lievelled wheels, upon the 
axis of the cylinder, not having been sufficiently fixed, gave way, 
and part^ fl'ORi tha axle, which occasioned the* experiment to 
be put off, iuntil they could be properly adjusted and made se¬ 
cure. Next day, however, I was denied the farther use of 
the boat^ .and obliged to relinquish all further experiments with 
ithe same apparattft, as it was made to fit this particular boat 
dnly. Perhaps thi^escription of the invention and experiment, 
may induce some p^fson in more favourable cii'eum'stances 
give a full trial to this scheme. 
fflnfSTiUTiioii, 0(i<J}cr 1. ISli) 
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Am. VIII.—(M Peat. By ^ohn MacCuixoch, M. D. 

M. G. S. Lecturer on Chemistry to the Board of Ordnance, 

&C. Communicated by tlie Author, v, 

r 

So much lias already been writt'^n f»n this interestinj^ sub* 
stance, that it is scarcely possible at the piXsenl day to add un\ 
thing to the history of its ongin, or tf> the description of its va¬ 
rious appearances. The naturjil history of peat has perhaps, on 
the contrary, been occa.sioualiy rendeicd vnnowliai ohseurt by 
superfluity of diseusHon, while it eheiiiicdl nature has eithci 
been misapprehended, oi involved m mystery, fronn (ausos 
which need not here be uotictd, but which will be suflicieiitly 
apparent to those who may hr iritlined to read all fnat has bf 
written on tins subject. It dtx.'s not .ippea,r difUeult to jilace the 
latter in a more intolligibic light, by leeumng U. a few simple 
principles, in which some inh'resting analogies are also involved; 
while the former may perhaps also la siroplilied by a condensa¬ 
tion and arrangement of Uie facts which arc obvious to tlie extu- 
mination of all, and which have b more or less accurately 
described by numerous observers. A sketch of the natural 
history of si bslancc is at any rate an indispensable prelimi¬ 
nary to the lew obsen ations which it is here projiosed to offer 
on its chemical nature. 

The co.xurrence of a certain degree of moisture, and of a 
moderate temperature, appears necessary to regulate the decom¬ 
position of vegetables, so as to lead to the fottaation of peat. 
But the first condition admits of great latitude, as it is forme# 
not only under water, but on drained declivities, in situations 
and climates that are subject to a very mediate proportion of 
rain. It is also produced under a great range of temperature; 
but the observations hitherto recorded, have not enabled us to 
determine at what degree of heat it ceases to be genetated. It 
is merely known, that in warm climates the decomposition of ve¬ 
getables is so rapid, as to prevent its foriMtion; and that, ift 
^^thesc, it is tI|prefore found only at high ei^ations, while, in the 
cold and temperate climates, it abounds even at the level of the se«u 
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iM.rfj.il ot'caiJC'-iCi' ?ti 
ai’, ant) uj oUh*. p 


V^he quality of peal varies principally according to the difPe.^ 
'■S!en‘ situations in whicW it is formed, as these differ in the de- 
gto( of drainage and of temperature, and rin the nature of the 
Vegetables whi^ they producet Hence agriculturists have dis- 
i’lifrinshed several v&ri?ties, wliich have, however, been sometimes 
t.-<t named from clifler^nces of texture, at others from differences 
'I'he fnr)-t ^ dKiuctions have been founded either 
H' 'TTiorc oi ]ess»p4.> !*j I .1 -late of the^process, or on acciden- 
('..s uf<i‘'.lnucess v’hicb \\ill iiei eafter be apparent. The whole 
V. \aru’ti4;s jn..\ bt ^ntfuded m tre following divisions; 
'y, i! is Fo( est. Lake, and Marine, Peat. To 

oughl be add d ed peat, w-hich, although of 

'b» jountry, appeals to abound in 
l "«uUucr* of Europe. 

^ t . e soveraJ c.-si vitn' ’‘.irft'ius '.'Vcasa'naiK present many in- 
ferit. diMme'don ot jualxy 
namre f>1 "be ^ . 

from tb'. v.'U’tsg ; i.s i 
from ikti-imixu-' 
of (b'ainage oj’ oilu't . i 
turo of transported eurtli * " 
in situations very diftercik d -s -'p'” 1« .^o n 'arl} in character 

as to be undistiiiguishable; aiui th', luppeiis more particularly 
in the peat of lakes and in tha. 4u inarshes, and ;u those cases 
where the process is most complete. 

In general, peat forms a single superficial stratum, lying 
either on tlie solid rock, as in the islands of Nortli and SouUi 
Uist, ILewis, and the remainder of that cliain, or on the allu¬ 
vial soil which, in other places, is found above the fundamcii- 
i^*rock. In other cases it is found to alternate with sand and 
gravel, witli day, or with shell marl; while, in a few instances, 
it is folmd at considerable depths, buried under*a thick bed of 
clay, or of other alluvial soil.* The alternations of sand and 
gravel occur dther on sea-shores, at the estuaries of rivers, or 
their tennination in lakes, or in other situations where large 
quantities of these*materials are carried down by rivers, so as 
for a time to cover ^e plain, and destroy tlie process of vegeta¬ 
tion. ' In those casesSvhere large deltas are formed or bays are 
filled up> the deposition of earth continues to proceed, till the 


<1 .uiviig (nher from the 

^ ^ 'j t heir for i..ation; 

^ idr vhc process * '’s been carried; 

' dep' (Init (Hi ui*' vaiiable state 
>/ '• > alte ition or aainix- 

. ' Tfi nome iksraiicc!), c'veii 
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ori^nal pea;t becomes buried to a considerable depth, 
such plains are generally brought into lultivation, itia rte^lW 
again renewed. Alternations or deposits of marl are only fbund 
in those rituations where the peat hovS been generated in a lake; 
and they offer a criterion, not only of the former existence of 
lakes which have long since disappeared, but are capable of de¬ 
termining, to a certain degree, the depth which these once pos¬ 
sessed. " ® 


Memtain pmt is not limited strictly to mountainous declivi¬ 
ties, but is found in all situations where the drainage is consider¬ 
able. This variety is commonly loose in texture, and its average 
thickness may be estimated at a foot. It rarely amounts to two 
feet, and often does not exceed as many inches. As an article 
of fuel it is of little value, when compared to the other varieties, 
fbom its thinness and want of compactness ? but it is more inttj- 
resting in an agricultural view, from the great exteht of surface 
which it occupies in Scotland, and from the comparative facility 
with which, in low rituations, it is brought into cultivation. The 
dry moor lands are generally covered with this variety, or with 
a variety intermediate between it and the more compact peat of 
marshy and ill drrined situations. The plants which principal¬ 
ly conduce to the formation of mountain peat are the follow¬ 
ing: 


Erica cinerea. 
vulgaris, 
tetralix, 

Myrica gale. 
Empetrum nigrum. 
Tormentilla erecta. 
Arbutus uva ursi. 
Vaccinium vitis itUea. 
Juniperus communis. 


Polytfichum commime. 
Lycopodium elavatum. 

Lichen rangifeiinus. 

Nardus stricta. 

Scjrpus cafspitosus. 

Juncus squarrosus, together 
With various grasses, chief¬ 
ly belonging to the genera© 
Aira, Agrostis, and Carex. ' 


Marsh 'ptat is chiefly formed in flat vmdrained Ianda| or on 
the margins of lakes, while it is also produced during the last 
stage of the formation of lake peat, with which it is therefore 
often found united, constituting the upper surface of the more 
compact variety which has been generated under the water. It 
is often found occupying extensive plains, and presents a great 
variety of aspect. These varieties depen^'^hiefly on tlie very 
•evarious state^f drainage, arising either wra situation, or from 
difference of season; and as such extensive plains often retain 
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•fc. , 

^cry unequally, the same tract will often be found to pro- , 
.saw considerable diveraty of character. In some situations it is 
setoiiluid beneaih, and covered with a mattiiig of tenacious and 
hall’ decomposed v^etables, or* else it is interspersed with par^ 
tial spots of the same nature, maintained by the firmness of the 
heath, or of the rushes which have established themselves in 
those places. In other situations it is intermix^* M minute 
’patches with mourAain peat, according* to pecuhatities in the 
'farm of the surfiice, capable of determining the formatnm of 
these differmit varieties. • 

Mar.di peat occasionally forms a very imperfect stratum only, 
the roots of the rushes and grasses retaaniiig much of their ori-, 
ginal firmness, in which case it is sometimes known by the name 
of Rufilirturfi while, in o^her cases, a stratum of perfect peat is 
f^und beneath it; an occurrence which takes jdace when a 
trembling lx% has been accidentally drained; or when, by the 
gradual accumulation the peaty soil, the level has been so far 
raised as to cause a constant and natural drainage. It is in tins 
species of peat that the Sphagnum pakistpe forms so conspicuous 
an ingredient, and this plant is indeed, from its nature, limited to 
tJie peculiar situations in which marshpeat is formed. The 
other plants, which chiefly contribute to its formation, me in¬ 
cluded in the following list; 


Erica vulgaris. 

tetralix. 

Myrica gale. 

Vacciniura oxycoccos. 
Eri^phorum polystachium. 

vaginatum. 

Schoenus albu^ and others of 
• this genus. 

^ Scirpus Ccipspitosus, and o- 
thers of this genus. 
Pe^cularia palustris. 

• sylvati^ 

Orchis mateulato. 
conbpsea. 

Juncus, Various species. 
Carex, various species. 

Aira aquatica. 


Aira csespitosa. 

Festuca niiitans. 

Caltha palustris. 
Hydroeotyle vulgaris. 
Lysimacbia tenello. 
Menyanthes trifbliata. 
Banunculus flammok. 
Comarura palcJstre. 
Narthecium ossifragtun. 
Pinguicula vulgaris. 
Diosera longifoMa. 
anglica. 
rotundifolia. 
Triglochin p.du8tre. 
Fhalaris arundinacea. 
Arundo phragmites. 
Some of the Equiseta. 


* The formation okXdke peat is of a much more complicated 
nature than that oftoe two preceding kinds, anS is moreover** 
rendered additmnally interesting, by its connection with that im- 
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portant set of diatiges on the surface, which consists in the olpx 
teration of lakes, and the increase of dry land. From the W, 
marks imra^iately preceding, it will appear, that it is intimate¬ 
ly connected with the generation of marsh-peat; since, during 
its whole progress, it is attended by, and finally terminates in 
this variety. 

There are thus two distinct modes in which peat is formed in 
lakes, and, in each, a distinct set of plants is engaged. There is, ^ 
however, a certain point at which these unite, and at which both 
processes are combined in produang the result by which the 
water is ultimately excluded, and a mass of solid materials is at 
length found occupying the place which it once possessed. 

In the shallow parts of lakes are found numerous subaquatic 
plants, which, in summer, flower at the surface, subsiding to die 
bottom after that process is completed. By the annual death 9f 
portions of these, a stratum of peat is formed at the bottom of 
the water, where this process is also constantly going on by the 
successive decomposition of the Scirpus acicularis, Lobelia dort- 
mnnna, Subularia aquatica, and other plants, which form a con- 
tittumis mat of verdure, where the water is sufficiently shallow 
to admit of their growth. The death of fresh-water shdl-fish, 
and the deposits of earth and sand brought into the lake by 
rivers, assist still farther in shoaling the water, and in thus ai> 
fording a lodgment to another class of plants, which advance 
from the margin in succession, according to their several pro- 
penrities to thrive in greater or less depths, or on the half drain¬ 
ed and marshy meadow by which the lake is bounded. 

In other cases, no distinct bed of peat is produced from the 
subaquatic plants, but the whole process is the result of a gra- 
duatl extension of the margin. This may readily be examined 
those lakes df which the interior declivity is gehtle, arid at 
those points where deltas ate formed by thq entrance of sterns. 
The growth of Arundo phragmites, Scirpus lacustris, Lobelia 
dortmanna, and other plants, here serves to detmn mud) bf the 
sand and earth which would otherwise be carried forward into 
the deeper parts of the lake, and thus gradually affords a place 
first to the rushes^ and grasses which flourish iii inunebted 
Mils, and la^ly, to the ^ various plants c^ich, m succession, 
grow in marshy grounds of different degrees of moisture/ 
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' Tlius a stratum of peat is gradually formed from the original 
margin inwards, covei^ng, by its extension, the bottom of die 
'lalce, till, in certain cases, die water is entirely excluded, and 
the whole becomes a peat-bog, or, as may happen in other dur- 
cumstances, a *meadow. Under such a stratum of peat, the 
shells which have begp deposited in the course of years, are at 
length consolidated into the marl beds, formerly noticed, which 
«re so frequent under the flat peat-bogs of the Highlands, 
t These are often of such an extent and thickness, as to form 
valuable quarries, if this name may be adopted, for the purposes 
of agriculture; the calcareous manure which they afford, being of 
the best quality. Many mossy lands have thus acquired a 
value which was little foreseen, and by which the proprietors or 
purchasers have very unexpectedly profited. The discovery 
tlic.^e marl-pits has generally been the result of accident, or of 
tltc excavations u^cd for procuring fuel; very few of the fiir- 
mers or proprietors being aware of the true nature and origin 
of tl'Cse deposits. A intwe general diffusdon of that knowledge 
among them, would lead to tin? discovery of marl in many parts 
of the Highlands, where it is as yet unknown, and where cal¬ 
careous manure is, from itt^ rarity and distance, extremely 
valuable. As the shell-fish, which contribute to its formation, 
exist even in veiy small c'ollections of water, it may often be 
found in the mountain peat-mosses of very limited extent, as 
well as in the larger, which have resulted from the partial or 
total obliteration of considerable lakes. It may be sought for 
with a prospect of success, in all those mosses which are bounded 
by rocky or elevated margins, or which occupy basin-shaped 
cavities. Some these still give passage to the river whidh 
onoe flowed into the original lake, and which has, by its depo¬ 
sits of earth, contributed to fill tbe cavity ; while others, which 
give passage to no river, have been produced by tjhe gradual in¬ 
crease of vegtftation from the margin in tlie mode just described. 
Experience in the forms and disposition of existing lakes and 
pools, will easily guide the eye in the selection of those spots 
where marly deposits may occasionaEy be expected. It must, 
however, be added, that marl is sometimes found on declivi¬ 
ties, mixed with, a^4^uried under mountain-peat. But these 
very singular deposits are rare, and the produce V terre^rial** 
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shells, of which an ftceount was g^ven by the writer of this iOrt^-' 
cle in a pi^r on Glen Tilt, puMiifaed in|he Geological Sodi|y's 
Transactions. ^ 

It is easy to sec how lake-peat may alternate with strata of 
clay, and of gravel and sand. These have been the result, as 
at the estuaries of rivers before noticce^, of occaaonal floods, 
carrying with them so large a quantity of earth as to suflbeate 
and destroy‘for a time.the process of vegetation; and it is easy 
to conceive how the occasional addition of such transported ma-- 
tcrials, might, for a certain time, knpede the re-establishmafit of 
a vegetating surface, so as to form an earthy stratum of consi¬ 
derable depth. It is also easy to understand how the gradual 
addition of earth, in a quantity insufficient to destroy vegeta¬ 
tion, may, instead of peat, lead to the production of an ordinary 
vegetable soil, and how the margin of a lake, in the act of flll- 
ittgf will, instead of a peat-bog, become a fertile meadow. 

In oomcluding this skdtch of the formation of lake-peat, it is 
interesting to observe the simplicity and certainty of the pro¬ 
cesses which water is converted into land in the interior of a 
country, as it is near the marine estuaries of rivers. 

The plants which chiefly contribute to the formation cA' this 
kind of peat, are the following, and they are separated, in smne 
measure, according to tlie re^ons which they occupy in the wa¬ 
ter or on its margin. 


Conferva bullosa. 

Lmna minor. 

trisulca. 

Nymphaea alba- 
lutea. 

Potamogeton natans. 

heterophyllum; 
and others of this genus. 
Cliara vulgaris. 

Hippuris vulgaris. 

CaUitriche vema, 

autunmalis. 

Myriophyllum spicatum. 

verticillatum. 

Ceratophyllum demersum. 
Utricularia vulgaris. 

minor, 

^tparganium natans. 

• erectum. 
Ranunculus aquatilis. 

Hydrocharia morsus ranfv. 


Arundo {dirs^^mite.s. 

Scirpus lacnstris. 

Lobelia dortmanna. 

Scirpus acicularis. 

setaceus; and others. 
Subulai'ia aquatica. 

Isoetca lacustris. 

Alisma plantago. 

TOtiunculotdes; ami 
others. 

Sagittarb sagittifidia. ^ 

Butomus umbellatus.' 

Acorus calamus. 

Phalaris amndinaceo. 

Foa aquatica. 

Juncus conglomerates. 

effvpiis; and others. • 
S(^(mi;q;,mariscus; andol^a^s. 
Menyanwes trifoliata. 
Comarum palustre. 

Some Equiseta. 



MacCullodi ^ P^at. "HT 

k tmneeessfuy to add to this enumemdon the S^dut^iim pa- 
hi#re, 4aid some plants i^hich ix/tre before mentioned un> ' 
(|ct the head of marsh-peat 

The next division is that of ForesLpmt. It has often been 
asserted) that ’all peat was the produce of decayed woods; but 
the preceding reniarl^ render it unnecessary to enter into a for¬ 
mal discussion on the unfounded nature of tliat qpinion. Even 
those peat-bogs wjj^ich now cover the decayed d'lSnks and roots 
of trees, and whidi have been supposed to have orig^ated in 
their destruction, owe greats part of thdr bulk to the growtli 
and decay of plants subsequent to the period of their fall, and 
are now increadng by a eonlmuaticai of that process wlddi 
forms the peat of marshy or of wet m<x>r land. During the 
growth of a forest, in favourable situations, a stratum of peat is 
formed by tlie accumulation ctf decaying leaves and branches, 
ftnd by the death and renovation of the plants which grow under 
their shade. Where, in the lapse of time, the trees of these forests 
have fallen, whether from the eflects of age, from storms, or from 
other causes, a certain portion of the wood decays, and adds to 
the orij^nal deposit; while the growth of additional plants of 
didWent kinds, perpetuates the process. In these cases, the 
smaller branches, and even the larger, being exposed for a long¬ 
er period to the effects of air and water united, and being, from 
their size, more susceptible of decomposition, are ultimately 
converted into peat; while, in a few situations, even the trunks 
disappear. Where, on the contrary, the growth of the peat 
strai um has been so rapid as to cover the trunks, so as to ex¬ 
clude *tlie alternate action of air and water, these remain for a 
long peiiod unchanged, and are often dug up unaltered, so as 
e4en to be applicable to the ordinary purposes of timber. 6ak, 
In such drcumstances, is well known to acquire a black colour, 
and to become valuable for the purposes of the, calnnet-inaker. 
As the i:oots are soohest and most effectually protected from the 
causes of decay, they are generally found unchanged, even when 
the trunks have entirely mouldered away. It has been sup¬ 
posed that peat pqssessed some mysterious antiseptic properties, 
by whmh this effwt was produced; but it differs in no respect 
fiom that which eqy^y occurs where wood is so far buried, as 
in the case iff piles, as to be excluded from the inftuence of th^ 
air, or from alternations of dryness and moisture. 
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Although the submerged wood,of peat-bogs thua 
often unchanged for a long period, in othj^r cases it undergoes^ 
chemical change, witliout loss of texture, and acquires the pe¬ 
culiar properties of peat. It will hereafter be shewn, that a 
longer continuance of the same action of water produces an in¬ 
cipient bituminization, and that time alon^f is probably requifed 
to convert such wood into lignite, or into a substance resembling 
brown coal, sitrturbranc|, or even jet; producj;s, of which die pe- - 
culiaritics are in some measure owing to collateral circumstances, 
which it is unnecessary at present tjs> consider. 

It is scarcely necessary, in concluding this subject, to remark, 
that forestqieat must vary materially, according to the prc»- 
portionsin w hich wood and tlie ordinary marsh plants enter into 
its composition, independently of the numerous other circum¬ 
stances by which tlic characters of every variety of this substance 
are modified. 

The trees w'hich in Scotland enter into the formation of forest- 
peat, are chiefly oak, fir, alder, and Oirch. I'd these may be ad¬ 
ded, as more rare, the ash, the roan, the hapjtl, and different spe¬ 
cies of milhw. To enumerate the plants which grow under their 
shade, or occupy die soil on W'hich they have fiillen, wouhl, 
with a few trifling additions, be to repeat much of the cata¬ 
logues which have already been given. 

It has scarcely been noticed by our writers on this subject, 
that peat is also occasionally formed on sea-shores, by the death 
and renewal, in salt-marshes, or in other analogous spots, of 
those plants w'hich affect maritime situations. Such peat may, 
however, be foultd on the shores of the maritime Highlands, and 
in other analogous places, and it often forms strata alternating 
with sand, or with the muddy depijsits of rivers. It is not un¬ 
common, in those places w^hcre the estuary of a considerabld 
river is a sea-loch, and where, by the gradual extension of the 
shallow shores, from the same causes w'hicfi operate in sheading 
inland lakes, the sea becomes gradually excluded. West Loch 
Tarbet and Isla, in this country, present, among other places, 
very accessible and conspicuous examples of tlys process, in its sc^- 
veral stages. In the former spot, it may be seen in a state of great; 
acuvity, and a considerable accession of l^^d^ is thus gradually 
taking place. * In Isla, it has long since terminated in the flat 
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tract by which I^h Grcinord communicates witli the head of 
Ld^h-in>daal, and tlie' stratum of maritime peat is here suh- 
' merged beneath a considerable depth of alluvial •ioil. 

In Nordi Uist, })cat is found,in analogous situations, appear¬ 
ings in these cases, to have been generated by those plants which 
grow in sandy soils, ^d which have, after a certain tune, l)ecn 
overwhelmed by the accumulation of blown sand. * The sub- 
•mergcnce of maritime peat by soil, wlioire the estftary of a ri- 
•ver is the sea, is so exactly analogous to that which takes jilace 
where a river terminates in a lake, that it is unnecessary to dwell 
on it. It is equally obviou.s, that the power which the semi- 
marilmie plants exert in detaining the alluvia of nvei h, or the 
sand of the sea-shore, is similar to that wliich the common reed 
and bulrush exert on tJic shores of lakes, and it is therefore 
alsf> unncTcssary to dwc*ll on this ^All)jcct. As the marl of 
Iresh-water shells is found alternating with inland peal, so dc- 
posites of sea-shells, in various states, are fliund intermixed with 
that which is of maritime origin. 

The pc'at fonned on sea-shorcs by the plants that grow in 
sand, is small in quantity; nor is it always certain that it ori¬ 
ginates in these plants, even where it is difficult to discover to 
what others it can have oweii its origin. These plants are 
chiefly the following; 


Triticura jnneeurn. 
Elymus tti'cnarius. 
Arundo arciiaiia. 
Carex arenaria. 
(jalium venini. 


Valantia cvuciata. 

Thalictriim minus. 

Trifoliiira repens; and various 
wx'li known grasses. 


The plants wliich giow on the alluvial flats, or in the salt- 
marshes, are move minuTous, and comprise pvincipallv the fol¬ 


lowing species: 

Glanx maritiiua. 

.1 uncus mantimns.^ 
'J'nglochit! niaritinnnn. 
Aster tripoliiiui. 
Schcemih man sc ns 
Arenaria peploides. 
marina^ 

Scirpus holo-sclurnus, 
numtimirs. 


.‘schqiu'' triqncter 
Matricaria maritlina. 
Statice limonnnn. 
arniena. 

Arteniixi.i mantima 
Bunias cakile. 
Chenopodium maritiinuin. 
Sakcornia herbacea. 

fruticulosa. 


But the most a)ns})lcuous and important plant in ^xtemling the 
alluvjia of maritime estuaries, is the Zanura viai ina^ which forms 
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, largo strltmarifie plains at considerable depths under the sea, and, 
by detaining the sand and mud, graduall5r raises the bottom 
far above tlie higli-water mark, as to enable it to afford a place 
for the plants of the preceding catalogue. By the bulk and 
extent of its roots, it also serves to form tlie principal part of 
the peat stratum which is found on sea-sliom. 

The several varieties above enumerated, include all the de¬ 
positions of ^at which' are found in tlieir natural situations; 
but another vaiiety remains, which was already mentioned, and 
which it is necessary to notice, befdrc quitting this part of the 
subject. It consists of the finer parts of perfect peat, w'hich 
have been transported by water to Ciivities capable of detaining 
them. This transported peat is rare in Scotland, and generally 
occupies small patches m mountainous land, where it produces 
a liquid or ti’cmbliiig bog: on the C'ontiiicnt of Eurtqie, it aj>- 
pears to form more extensive tracts, and to be of considerable 
importance. When drained, it constitutes one of tlie most solid 
and perfect varieties of |ieat. 

The progress of cliange from the living vegetable to jieat, 
is most ea.sily traced in the flat mosses of plains, and may be 
examined in the decj) sections which are made for procuring 
fuel. In these, a regular gradation may be traced, from the 
spongy half-decomposed vegetable matter to tlie solid inorganic 
peat, in which nearly all traces of tlie plants have been obliterated. 
A similar gradation, but less perfect, may be found in moun¬ 
tain-peat ; but the progress of the other varieties is, from tlieir 
peculiar nature, less susceptible of examination. Where the 
living plants terminate, their roots are found intermixed witli 
the half-decomposed matter, produced by their leaves and frag¬ 
ments, forming a sjxmgy mass. Lower down in tile stratiun, 
tlie pulverized peat is seen mixed with a few fibres or fr^- 
ments still resisting decomposition. These gradually disappear 
in the progress downwards, until at length a finfily jxiwdefed 
substance alone is found; the process being completed to the eye 
in tlie total destruction of all the organized bodies. When this 
process lias occurred on a drained declivity, ^le pure peat forms 
the jxiwdery heath-soil used by gardeners ^for rearing certain 
^plants; whe|e, on the contrary, the soil,is wet or inundated, 
the jowder is intermixed with water, wliich, on being drained, 
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• IctaVcs it in a state often highly compacted and firm, producing, 
tliat ' peat which is mure valuable for the purposes of burning. 
A variety of modifications result from collateral circumstances 
or intermediate conditions; tlje chief of which are, differmices 
in the nature of the vegetables, in the time during which the 
process has lasted, iivthe degree of drainage, and its occasional 
variations, and in the clevaUon, or other causes, liffecting the 
temperature, or tlie moisture of the atmosphere. * 

The commencement of the process is easily traced in the 
Sphagnum palustre^ which, some situations, forms an import¬ 
ant ingredient in peat. In this plant, as the lower extremity 
dies and is decomposed, the upper, like many other mosses, 
sends forth fresh roots, and extends its offsets; the individual 
becoming thus in a manner immortal, and supplying a perpe¬ 
tual fund of decomposing vegetable matter. A similar process, 
although less distinct, takes place in many of the rushes and 
grasses, the ancient roots and leaves dying, while the existence 
of the plant is perpetuated by the annual renovation of both. 
Many other vegetables add to the common stock, by their an¬ 
nual death, their existence being repeated in seedling plants; 
while others, of a perenmai nature, contribute only by the or¬ 
dinary decay and renewal of their leaves. 

It is therefore evident, that tlie growth of peat is constant, 
but that it depends, at the same time, on the continuous growth 
of the vegetable covering. Hence mountain-peat is always in¬ 
creasing wJiiie it continues to bear tbe^se plants from which it 
was originally produced ; as its state of drainage, and looseness 
of tejfture, are such as never to refuse a hold to fresh plants of 
the same nature, even after the vegetating covering has been 
ctmiplctely removed. There m-e c*crtain coses, however, in which 
tUe growth of mountain-peat ceases, the vegetating covering be¬ 
ing replaced by plants which, under the circumstances that first 
produced th*em, continue to grow, and jjossess no tendency to 
form that substance. These cases are interesting to the agri¬ 
culturist, as they form, in fact, tlie several processes by wbitdi 
this species of peat,is converted into green pasture or into arable 
Ijmd. The pastin:age of sheep, the application of calcareous 
manures, or of clay or sand, buniing, and the turning of the 
surface by agricultural implements, arc the chief means bj 

ny 
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which the vegetation of these soils is exchanged for more profit¬ 
able plants To these must be added tlie growth of larch, un¬ 
der which the original covering is gradually extirpated, and re- 
jjlaced by a green and grassy surface, applicable to the pasturage 
of cattle. 

Although the fonnation of marsh-peatvceases, when, from 
the gradual increase of elevation, or from other causes, the bog 
becomes drained, tliis substance still continues to be generated,, 
but in a slower manner, by the plants that form it on mountain- 
declivities. * 

The formation of fiirest-pcat must be considered to have ter¬ 
minated with the decomposition of the wood which has first 
fallen, although tlie process still goes on in a different maimer, 
by the growth and tlec'ay of the various plants Mdiicli occupy 
the same place. A few cases are however known, where it ap¬ 
pears that forests have successively grown and fallen cm the same 
spot, so as to have continued the onginal process. 

The peat of lakes is necessarily completed, w'lien once the 
water has di&a])peared ; and in a similar manner, that which is 
formed from maritime plants, cieases to grow, when, by the final 
exclusion of the sea, the character of tlic vegetation is changed. 

Of the formation of transported peat there is no end, as long 
as the flow of water from mosses eontiniies, and cavities exist in 
which tlie material can be dcfiositcd. 

As the increase of peat necessarily keeps pace with the growth 
of the plants from which it is formed, it is evident, that the ces¬ 
sation of the one is imjdied in that of tlie other, with the excep¬ 
tion of transported peat, w hich does not directly depend W tlie 
same cause. That it may he lenovated after cutting, it is there¬ 
fore necessary that tlu; process of vegetation be renewed whero 
it has thus been suspended. In mountain-peat, it has already 
been shewn thAt this takes jilacc naturally^ as this variety gene¬ 
rally approaches so much towards ordinary vcgefable soil, as 
readily to admit of the lodgment and growth of seeds. But tlie 
compact and perfect varieties which are exposed by the opertu- 
tion of cutting, are not thus susceptible of renewed vegetation^ 
as no plant seems willingly to attach itself to peat in this state. 
But if the fyt has been so formed as to admit of the stagnation 
of water, the process is sometimes renewed by the same series 
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■of opoi^ons which takes place in lakes, and thus the cavity be- 
ccanes once more filled with the same material, always, however, 
•xiigtinguishable fur a long period by the laxity of its texture. If 
the exposed ^surface is draint^d, no such event follows, but the 
spot appears to remain for ever naked, and of course incapable 
<of augmentation or iFenewal, as may daily be ^vitnessed in mourn 
tains, where the perfectly formed and compact peat has been cither 
naturally or artifk'ialiy exposed. This is now w«*ll undersUxKl; 
and it has accordingly become a general practice to reserve the 
superficial covering, and replace it on the liottom, after the peat 
required for fuel has l>ecn removed. 

The time required for the production of a given depth of 
peat has been a frequent subject of inquiry. In some cUvses, its 
growth has been found so rapid as to be sensible to the obser¬ 
vation of individuals; but, in general, it has been necessary 
to have recoufse to evidence founded on ciicumstances invol¬ 
ving a much longer period of tune than human life. Such re¬ 
gisters of the date of given depths of peat have been found iti 
works of ai't, or m the marks of' human industry which have 
<been submerged in it, and of which the time admitted of being 
ascertained within certain limits, h'rom these several modes of 
judging, it has appeared, that the time required for the forma¬ 
tion of a given depth of tliis substance, is so various, that no 
general conclusion can be drawn on the subject. It has been 
remarked on the Continent of Eurojxi, that cavities of seven feet 
in depth have been filled with it in the short space of thirty years. 
This occurrence i.s however, limited to partial spots, and de¬ 
pends on a combination of favoiuablc circunislaiicc.s, which must 
be considered riu*e. It only takes place iu the smaller cxcava- 
ttens, in which the vegetation of aquatic and m.-ush plants is 
"tHmsually luxuriant. Two cases have often been quoted, of 
peat-mosses formedjon fallen forests, the one at Drumlanrig, the 
other near Loch Broom, the former of wiiidi was coiiqilcted in 
sixty, the latter in fifty years; but as the depth is not specified, 
no conclurion can be drawn from these instances. In iimumer- 
,able other instances, Homan works of art, and traces of Roman 
^oads, have been found beneath peat-mosses, but the depth has 
seldom been measured ; so that from thc.se also,^no conclusion 
tes]iecting the quantity produced in a given time, can be drawn* * 
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^In a few cases, however, the depth has been measured. A 
coin of the Emperor Gordian, is quoted as having been disco- 
vered at thirty feet in depth; and other Roman coins are men* 
tioned as having been found in Ttaly even at that of fifty feet. 
From the latter, of which the dates are npt'given, the time re¬ 
quired for the production of this quantitysof peat, can only be 
conjectured within very wide limits. In this country, Roman 
utensils, and Vaccs of Roman roads, have been found at the 
depth of eight feet; but as other parts of the moss in the spot 
in question attain to the depth of tSventy feet and upwards, the 
quantity produced within the time ascertained by this register, 
may l>e considerably greater. Recently, the palings of a park 
described by Camden, have been discovered beneath Chat Moss; 
but the depth of superincumbent peat in this place has not been 
mentioned. 

It appears unnecessary to be anxious on this subject, as, 
from a variety of circumstances, it must appear evident that no 
general conclusions can be drawn. The chief causes which in¬ 
fluence the growth of peat, are situation, temperature, and the 
degree of moisture, all of them being causes which affect the 
rapidity of vegetation. In those cases where mountain-peat is 
in contact with the solid rock, it is obvious, that its growth, par¬ 
ticularly in the first stage, must be very slow, as the time which 
the lichens and mosses require to lay the foundation of a vege¬ 
tating surface is considerable. In all case.s, the peat of drained 
declivities is of tedious growth, and, as was formerly mentioned, 
rarely attmns a greater depth than two feet. The production 
of marsh and of lake peat, arc on the contrary rapid, and that 
in proportion to the circumstances of various kinds, by which 
the luxuriance of vegetation in these situations is promoted. 
That of forest-peat must, in most cases, be even more consider¬ 
able, as a sudden accession of depth is produced by the fall of 
the trees which contribute to its formation. Many*of the deep¬ 
er mosses of all countries, appear accordingly to owe a large 
portion of their bulk to this cause, and are found in places well 
known by historical record, as well as by internal evidence, 
have been once occupied by forests. 

AVhere net registers of time, derived from submcrgefl a'i orks 
of art, or from historical record, 6an be discovered, the antu|uity 
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of any giren mass of peat may be presumed from other circum¬ 
stances. These are, chiefly, its alternation with beds of clay or 
alluvium, and the degree in which it approximates in its chemi¬ 
cal qualities to brown coal bituminized wood. The latter 
change requires a length of time greater than that during which 
the greater number pf the superficial peat-mosses of this country 
has existed; and, in most cases, the alluvia whirfi have been 
generated by the ^cptJsits of rivers are evidently *f a very high 
antiquity. 

Under the various circumstances in which peat is found, it 
exists, as a st^, in various states, namely, in that of a fibrous 
and spungy mass, a powdery substance, a compact body, and a 
semifluid paste. The former condition occurs in all cases 
where the process has not been perfected, and presents infinite 
varieties. The second state is peculiar to mountain or drained 
1)eat. Compact peat, again, forms the predominant variety, in 
Scotland at least, as far as the mere bulk of the deposit is con¬ 
cerned ; although the drier kinds occupy a much wider extent 
of surface. The semifluid state occurs, not only in transported 
peat, but in other cases where it has been formed in lakes or 
marshes, which, from their fi/rms, have tlie power of retaining 
water. Time consolidates even this peat, by filling the cavity 
with solid matter, and thus gratiually excluding the water; but it 
may continue for a long period in that state, as it docs peculiaidy 
on the continent of Europe. The well known inundations of 
fluid peat, have arisen in these particular cases, from the failure 
of the barrier by which such a cavity was Ixmnded. 

It ik not within the limits of this paper, to notice the capacity 
of these several kinds of peat for recriving agricultural improve¬ 
ment, nor the various well known methods by which tlicy may 
DC brought into cultivation- It must, however, be obvious, 
that no general rules can be applicable to the whole, and 
that the^retit diversity of qualities possessed by this substance, 
indicates correspnding differences of treatment. It is also evi¬ 
dent, from watching die natural processes by which peat is con¬ 
verted into soil, tjiat pulverization forms the essential part of 
qvery mode of treatment. In draining a compact peat, art thus 
imitates what nature •effects on mountain declivities; and, in 
rpixing earths with it, the same results follow, which, *m nature, 
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ocxur from tlie dispersion of sand in the neighbourhood of the 
sea, from the intermixture of clay and sand near the estuaries 
lif rivers, and from o^ier more tedious actions by which its tex¬ 
ture is loosened, and niaintainef| in a lax state. It is in these 
cases that peat becomes naturally susceptible of cultivation with 
comparative case; and it is by attending these circumstances, 
that tile agTMultunst must be directed in the choice of subjects 
for liis improvement, wherever a choice is in iii« power. A con-- 
sidcration of the effects produced by the application of calca- > 
reous manures, by burning, and by other means, must be left to 
those undc‘r whose petmhar province this subject falls. 

The brown colour of mountain-streams evinces the partml 
solubility of peat in eold water, or at least proves that tlie mass 
in rpicstion contains a soluble ingredient. The quantity of mat¬ 
ter tlius lield in solution is however small, and seems only to be 
extracted during tlie incipient or incomplete stages of the pr6- 
cess. Feat, of which the Ibnnation is perfected, appears to com¬ 
municate no slam to cold water, although boiling water still ex¬ 
tracts a portion ol‘ the same ingredients. Water thus iuijnvg- 
nated has been supposed to possess some peculiar antiseptic 
jxiwers, the existence of which is, at best, doubtful, and Avhieb, 
if they do exist, appear to depend on accidental impregnations, 
not on the peculiar hydro-carbonaceous compound which com¬ 
municates the brown colour. The obscurities which have at¬ 
tended this subjceil, appear to have arisen from inattention to the 
various nature of' the substances which may be, and occasional¬ 
ly are, dissolved by waters flowing over peat, or stagnating in its 
cavities. One of these must he considered of an accidental na¬ 
ture, and it is the tanning principle extracted from the undc- 
composed harlt and roots of various vegetables, and, amon^ o- 
thers, from the Tormentilla crecta. It is probable that, where 
animal bodies have Veen preserved in a state of integrity m peat 
water, this tanning piocess lias been the cause; although,in cer¬ 
tain cases, the constant application of mere water is capable of 
preventing the putre(‘action ol* the muscular and membranous 
parts of animals, by comertiug them into ^dipociie. Peculiar 
effects aie also produced by ferruginous solutions, whh'h must 
also be considered as accidental, and whieh appear to arise from 
‘ the conversion of pyrites into sulphate of iron. It is not impro. 
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tiftble thatj whm tan is held in stjluticm, a portion of gallic acid . 
may also occasbnally be dissolved; but it is nearly impossible 
to put these subjects to the test of direct experiment, from the 
difficulty of procuring solutions,of peat in a state fit for such ac- 
^curate examination/ The acid which may be extracted from 
peat, by decoction in ^>fater, is small in quantit}’^, and appears ra¬ 
ther to be generated by the same process which concerts the ve¬ 
getable fibre into p«at. It will hereafteiihe seen, diat when ve- 
•getahle matter is exposed to heat, the carbon and hydrogen en¬ 
ter, together with portions of* the other vegetable elements, in¬ 
to new”^ compounds, some of which are partially soluble in water. 
A laimliar instance of this occurs in the roasting of coffee. Du¬ 
ring tliis process a jxirtion of acid is also generated, which, on 
pushing the jirocess to extremity, forms a conspicuous part of 
the result of the destructive distillation of vegetable matter. 
The action of water on vegetables, in the case of peat, as in that 
of manuri', produces hydro-earbonaceous compounds of an ana¬ 
logous nature, some of which are similarly soluble in water, 
while others form insoluble peat; and it appears a necessary cem- 
sequence that, in this process also, acetic acid should lx: generat¬ 
ed. 'riic acid extracted from peat is m fact acetic acid, hut the 
time required to conduct a direct experiment of Uiis nature, so 
as to produce a decided result, is such as to prevent the possi- 
Inlity of instituting any for that piirjxse. 

The soluble bydro-carbonaccous compound which communi¬ 
cates the brown colour to jicat water, resembles, when obtained 
in a state of purity, that which is generated by the decomposi¬ 
tion of' manure, (abstracting the salts which abound in this,) as 
well as that which is produced by roasting cofiee, or by the ap¬ 
plication of a regulated heat to other vegetable matters. It is 
like that also which, in highly torrified malt, or in sugar, com¬ 
municates the brown colour to malt liquors. It is probable that, 
in all these dhses, thi.s compound is subject to considerable varia¬ 
tions ; but chemistry as yet offers no certain methods of accurate¬ 
ly distinguishing these. Distillation, which separates the hydrogen 
and other volatile matters from the carbon, proves differences, the 
e;cact degree of vidii,ch it doi’s not enable us easily to ap})reciate. 

This compound, as4t is deposited naturally froi^j peat waters^ 
is sometimes found in bogs in such quantity as to admit of ready 
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examination. Occasionally, it is dispersed among the more solid 
peat, which conasts of powdered materials, fragments arid fibres, 
to which it communicates a black colour and pitchy appearance. 
It cannot then be extracted by, water, as far as I have experien¬ 
ced, since, when once hardened, and in a detached state, it is 
not soluble even in boiling water. When first this matter is 
procured, It is soft, but when dried, it is brittle, and breaks with 
a 8pbntery*^and conchoidal fracture, presonting a considerable 
resemblance to asphaltum, It also sometimes resembles that 
substance in lustre, but is at oth<Jr times dull, and the colour is 
black. It is heavier than water, and is not electric. It is not 
acted on, as already remarked, by boding water, nor is it solu¬ 
ble in alcohol, ether, or naphtha; in which latter circumstance 
its difference from asphaltum, which it iitherwise so much re¬ 
sembles, is strongly marked- On distillation, it gives the same 
results as ordinary peat, namely, acetic acid and vegetable iar, 
the charcoal remaining behind. These results prove, that, like 
undecoraposed vegetables and peat, it contains oxygen as well 
as hydrogen and carbon. The quantity procured for the expe¬ 
riments in question, was too small to show whether any azote 
exists together with the other elements, as no ammonia was 
found in the small proportion of acid obtmned. 

It has not, as far as I know, been observed by our numerous 
writers on this subject, that peat is occasionally luminous, al¬ 
though a remark of an analogous nature is made by some orien¬ 
tal traveller, whose name does not at this moment occur. I 
have often, however, witnessed this appearance, and mo.st re¬ 
markably in the bared bogs of North and South Uisf. The 
luminous matter is dispersed in small points over the brown 
surface, and as these arc very minute, while the colour of^-the 
light is also blue, they are scarcely visible at a small distant, 
whence, probably, they have escaped notice. This fact is ana. 
logons to that which occurs during the decomposifionBof wood; 
but the present state of chemical analysis does not appear to 
offer any means of ascertaining the cause of the phosphorescence. 

The sjiecific gravity of peat varies consdderablj’’, and, in a 
great measure, in proportion to the degree gf its perfection; .in 
a few instances it is Ibiind to sink in water. Its qualities as a 
ftiel depend much on its vaiying condition in this respect; ti^at 
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of Northland South Uist» and of this chain of islands in gene- 
Xal, is 80 compact as to afford a flaming fuel nearly equal to the 
inferior kinds of coal, while, after being once dried, it is again 
incapable of absQrbing water, t 
* • (To be coffwluded m our next.) 

——_— —- --. ..#-— 

^ET. TSi.-^Accoun/ of a Pecidlar Modification ofi Vlnon. By 

John Gillies, M. D. Member of the Wernerian Society. 

In a Letter to Dr Brewster. 

Beak Sie, 

In compliance with your request, I now send you an account 
of the singular modification of vision formerly mentioned to 
you, and of which I can find no similar instance on record. It 
occurred frequently to me during the year 181^. Since the 
third day of the following year, with but three exceptions, and 
these at very distant intervals, I have never again experienced 
any return of it. I have to regret much, that my observa¬ 
tions on this subject have been rather limited and imper¬ 
fect. On this account I have purposely deferred laying die 
particulars before the public, in the expectation that their recur¬ 
rence might enable me to render them more complete; but of 
this there is now very little probability, when so long a {leriod 
has elapsed since this offqction has visited my eyes with any de¬ 
gree of frequency. 

This modification of vision usually made its appearance in 
the following manner, without any previous intimation of its 
approadi. When sitting in company, or otherwise engaged in 
an^ occupation not requiring continued or minute attention, all 
objects within the range of my vision, appeared to recede from 
me, and be proportionally diminished in magnitude. These ap 
pearances«fil first were generally so very slightly diflerent from 
my natural vision, as to produce in my mind some doubt whether 
I had not been deceived in supposing there was any diftbrcnce. 
Any doubt of this kind, was, however, soon removed by a gra¬ 
dual increase froim one degree to anotlier, till it had reached its 
maximum, which usually took place in the course of a few 
minutes from the commencement. Jn this condition, whiv|\ 

8 
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on different occasions varied considerably in point of intensity, 
my vision continued for a longer or sbortar length of time, and 
then the affection disappeared in the same gradual manner as on 
its accession, till at length it,became so very slight as to be 
with difficulty distinguished from my natural vision. ^ 

Such was the ordinary succession of ^phenomena, as they oc¬ 
curred in ^ny vision, on those occasions to which I have alluded. 
There ard, however^ several other cirournstanccs which *fc- 
quire to be mentioned more in detail: These, for the sake iff 
brevity and arrangement, I shall* state under separate heads. 

The duration of this alfe(;tion varied considerably, from a 
few minutes to seven or eight hours; in ordinary cases, how- 
ever, it only continued from half an hour to an hour. In fre¬ 
quency of recurrence it varied also exceedingly. During tlie 
summer of 1816, when these phenomena first marie their aj)- 
pearance, it usually came on alxiut once every two or llircc 
weeks, hut these attacks became much less frequent during the 
succeeding autumnal months. However, in the months of No¬ 
vember, December, and the early part of January 1817, they 
became much more frequent and troublesome, recurring every 
eight or ten days; sometimes appearing daily for several days 
in succession. It appeared to have reached its maximum de¬ 
gree of frequency about the commencement of the year 1817; 
for, during the 31st Decemlicr, the 1st, 2d, and 3d of January, 
it came on in such rajiid succession, that I seldom enjoyed 
my natural vision longer than two or throe hours at a time, 
often indeed only for a few minutes; but I may here observe, 
that although its recurrence was so very frequent, yet it seemed 
gradually to diminish in duration each time. 

In degree^ this affei’tion likewise varied very much,**and 
Occurred in every variety from the slightest deviation from 
the natural vision to its most intense ^(k'gree, which I find 
much difficulty in estimating with tolerable precision, as I ha<l 
no standard to judge by, or any other guide, except my own 
sensations ; but, from the observations I was enabled to make, 
I am inclined to think, that on some occasions the surrounding 
objects appeared to iny eye as if removed .to nisc or eight times 
their real distance. These sensations ifetc neither confined to 

objects near me, nor to those at a distance, but wore equally par- 

2 
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tkipated in by every object within the range of my vision. 
Thus, I have observed a row of lamps of about tliree quarters of 
a mile in length, to hear the same proportiqnal relation to iiiy 
eyes as during my natural visiop; while, on the other hand, 
^^when seated in an apartment, and under the influence of this 
affection, had I trusted^ solely to my sensations of vision for in¬ 
formation, I should have been induced to think, that objects 
wliich I knew I could touch with my hai^i:! wilhoutwising from 
ifty seat, were removed several feet farther from me, and alto- 
getlier beyond the reach of my*fingers if I extended my arm. 

During the latter part of the 31st December 1816, when 
this afli'ction .seemed to have reached its greatest degree of in¬ 
tensity, on which tx-easion it continued with scarcely any inter¬ 
mission uj)wards of eight hours, these sensations were experien¬ 
ced ill every variety of degree, from the slightest to the most in¬ 
tense form which I had ever experienced, and these often vary¬ 
ing and alternating with each other’. 

Being very desirous to determine whether, during the con¬ 
tinuance of tliis affection, the apparent diminution in the 
magnitude and increase in the distance of surrounding ob¬ 
jects, bore the same relative proportion to each other which 
they did during my natural vision, I endeavoured to make 
some observations on this point; but from the want of any 
good rule by which to estimate, and the fallacy to which all 
observations, resting solely on individual sensation, are liable, 
these have been very unsatisfactory, and I cannot speak with 
any certainty on tlie subject; yet there is an impression on my 
mind, that they were exactly proportioned to each other. 

In general, I remarked that the distinctness of surrounding 
obj^ts did not seem to be impaired in a greater degree, than if 
they had been actually removed to the same distance at which 
they appeared to be- 

I have nevtr been ^>le to assign any probable cause for the 
occurrence of this affection of my vision; but it may be wortliy 
of remark, that it never came on while I was engaged in read¬ 
ing or writing, or in^ny other occupation which required steady, 
continued, ot minute attention, but most commonly attacked me 
when I was in company, or while engagfd in conversation with 
miy one, and when my eyes were employed viewing surround- 
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ing objects, witlioiit their being stedfastly or exclusively direct¬ 
ed to any one of them. 

Having remai’ked those circumstetnces under which I seeftied 
to be exempt from tliese accesi^ons, it occurred to me, that the 
employment of similar means might prove effectual in accom¬ 
plishing its removal, when it had already made its appearance. 
Accordingly, at different times, while under the influence of 
lliis affbctioti, I tried the effects of reading,ewriting, and the em¬ 
ployment of magnifying glasses of different degrees of powerV 
All of these seemed, on some occasions, to remove the affection, 
while at other times they failed in doing so; which induces me 
to think that, on the former of these occasions, my eyes were of 
themselves about to resume their natural condition, and were 
little influenced by these external agencies. 

On reading, when I held the book at the usual distance from 
my eyes, I saw the words as distinctly as usual, though they ap¬ 
peared smaller and more distant than ordinary; but the exer¬ 
tion used in reading on such occasions, generally soon brought 
on such uneasiness of the eye, as to oblige me to desist. 

The magnifying glasses, which I employed of various degrees 
of power, pmdueexi no other alteration in my sensations of vision 
than I should have expected of them, had the objects viewed 
been actually at the same distance, and of the same magnitude 
as they appeared to be to my vision at the time. No alteration 
was produced in my eyes, while in this state, from bathing them 
in cold water, and rolling them about in it for some time. 

To determine whether these peculiar sensations were confined 
to one of my eyes, or extended to both of them in common, I 
alteniately covered one eye and used the other, and uniformly 
found that the apjiearancc of surrounding (jbjccts was precisely 
the same as when both eyes were uncovered. 

At one time I supposed that this modification of vision might 
lie somewhat winnected with an increase fulnesS^ aad determi¬ 
nation of blood to the eyes, and frequently imagined 1 felt them 
more tense and uneasy during the time of its continuance, and 
after it had disappeared, than at other timos; but after making 
repeated observations on the subject, I w/is induced to relin¬ 
quish my fjrst opiniop, since I did net remark any unusual 
sense of fulness in those cases where I had used but little excc- 
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titm pf ray eyes, wliich inclined me to ascribe these uneasy sen¬ 
sations to my having overstrained them, and to paying more 
f)articular attention to my sensations at the^time than on other 
occasions. In general, indeed,^! suffered little inconvenience 
from it, with difi exception of its unhtdng me, during its conti¬ 
nuance, for any scrioyiS occupation, where my vision was re¬ 
quired, 

v,While under the influence of this afPe<|tion, my eyes were re¬ 
peatedly examined by various profesrional gentlemen, none of 
whom coidd perceive the slightest deviation from the natural ap- 
jiearance of tliesc organs, or any apparent alteration in the con¬ 
vexity of the cornea. Among these I may be allowed to men¬ 
tion the names of Dr Farre of London, and of my much re¬ 
spected friend and preceptor, the late Dr Gordon, whose merits 
as an acute and intelligent physiologist and anatomist, as well as 
his* private worth, will long endear his memory to every one 
who had the advantage of knowing him, or of listening to liis in¬ 
structions. 

These remarks constitute the very limited and imperfect ob¬ 
servations which I have been able to make on these occaaons. 
Such as they arc they may be relied upon, being Uie result of 
actual observation; and witli some, perhaps, will be considered 
the more worthy of attention, as I have no particular theory to 
support,-—a source of fallacy which connm, be too mucli guarded 
against, in making observations on one’s own sensations. 

As I have been unable to bring forward any satisfactory ex¬ 
planation of tlicse phenomena, I have altogether refrained from 
giving hny opinion on the subject, but presume that it may l>e 
dependent on some modification of tlie adapting power of* the 
eye*to near and to distant objects. 

These obscr\ations, however, seem to lead to the following 
conclusions : 

Isif That this modification of vision always made its appear¬ 
ance in a gradual manner, proceeding progressively, and almost 
imperceptibly, from one degree to another, till it had reached 
its maximum; and^ constantly disappeared in the same gradual 
aqd progressive manner, but in a reversed order. 

There was no apparent diminution in the distinctness or 
cleantess of suiTounding objects, further than migfit have been' 
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expected from their actual removal to their apparent dis¬ 
tance, 

3d, That external^ agents exerted no influence in producing 
or removing this state of tlie vision, wliich seemed to be wholly 
dependant on causes situated m tlie eye itself. The circumstance 
of its never having appeared while enipi^iyed in some particu¬ 
lar occujiations, may have been purely accidental, from my never 
having been c>o engaget] while there was a disposition in the eyfi 
to assume this state. • 

Any further remarks I leave t« those more cimversant thaiiv 
myself with the science of optics, and sliould be happy to hear 
their opinions on the subject, and will with pleasitre attend to 
the suggestion of any of your readers, should any method occur 
to them wheieby I might vary and extend these observations, 
in die event of my being again alfected with this modilicatioii of 
vision. I am, &c. * 

2. Hav Street, I John Gillies. 

aSth October 1819. j 


Art. X .—Description of a new Almometer, invented by Adaw 
Anderson, Esq. A M. Hector of the Academy, Terth *. 

The Atmometer, or, as it is sometimes called, the Dvqporo- 
7neter, for measuring the quantity of water evaporated in any 
given time, is an instrument which has not till lately been 
brought to any great degree of pcaiection. A eiicular basin, of 
uniform \ndth from top to bottom, filled with water, is the sim¬ 
plest form of the instrument, and the quantity cva|H)raLcd may 
be very accuiately ahcertjuued by means of a graduated gj|as.s 
tube, similar to that employed for measuring the depth ‘ of 
rain. There are several dilTiculues, however, attending the use 
of the instrument, which render it a vci^ uncerfiiin^indication 
of the absolute quantity evapoiated. If it be exposed freely 
to the sun and wind, die heat acquired by the vessel itself will 
rapidly promote evaporation; and if the basin be kept nearly 
full, as it ouglit to be, die water will be agitated and thrown 

• The fbllovx-tUg ncconht of thh beautiful instrument is copied, by peimission, 
from the MS. of the article Meteorology, drawn up for the Fdinbur^i EncyclopBsdia. 
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over by the wind. Nor do we conceive, even though this last 
accident were guarded against, tliat the result would be either 
’ satisfactory or important. If the object of the atmometer be 
to ascertain the dissolving pow^r of the air, it may be accom¬ 
plished by plaang the basin in a sheltered situation, as well as if 
it were freely expose^t; and if the quantity evaporated from the 
ground bo required, the .simplest and the most accurate method 
that adopted by Mr Dalton. • • 

• An atmometer, upon a very dmple principle, was some years 
ago constructed by Mr Leshe. It consists of a ball of po- 
rous earthen-ware, two or three inches in diameter, into which is 
inserted a glass tube, so graduated, that the quantity^of water 
contained between two divisions of the tube, would cover the 
outer surface of the ball to the depth of one thousandth part of 
an inch. The ball and tube being filled with water, the top of 
thb latter is covered with a brass cap, which, by means of a 
screw and collar of leather, is made quite air tight, and the in¬ 
strument is suspended out of doors, freely exposed to the wind. 
In this state the humidity exudes through the surface of the 
ball, ju.st as fast as it evaporates, and the descent of the column, 
in tlie tube indicates the quantity evaporated. As the pressure 
of the atmosphere is in a great measure removed by the tight¬ 
ness of the collar, the water is prevented from passing through 
the Imll so quickly as to drop, while the space which it leaves 
empty at the top, is occupied by the very minute stream of air 
which is imbibed by the moisture on the outside, and may be 
seen j imng through the water in the tube. 

This* instrument, as we have found from numerous trials, is 
totally useless for a continued series of observations. The ob- 
vioi*s impossibility of using it in frosty weather, is itself an insu¬ 
perable objection, but there is anotlicr which renders it equally 
unsatisfactory at all seasons of tlic year. Though a portion of 
air, as we have already remarked, is imbibed by the humid sur¬ 
face of the ball, and rises into the part of the tube from which 
the water has suWded, it is in so small a quantity as to exert 
very little pressure ,on the surfa<« of the water: The conse¬ 
quence is, 'Ant during a shower, the rain that falls on the sur¬ 
face of the ball is forced into the interior, so thq^ the wafar 
again rises in the tube; and though the elasticity of tlie mr 
VOL. ti. xro. 3 .1AXCAUY 1820, n 
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^ above inut»t at length counteract tliis process, it is still sufficient 
to render the indications of the instrument altogether uncertain. 
As a proof of this, we sliall nientic|a one instance among seve- ’ 
ral others tl»at might be stated. ^()n an evening of a dry sum¬ 
mer day the ivatcr in die tube of the atmonietqf stood at 100 j 
during the night there was a heavy fall of, rain, and next morn¬ 
ing the surface of tlie liquid was as high as 15. This fact we 
apprehend is? decisive as to the merits of thev instrument. It js 
therefore totally unfit for measuring the quantity of evaporation 
during an interval of any consideraWe length. 

The atmometer recently invented by Mr Anderson, is un- 
doubtedll^ the simplest as well as the most ingenious instrument 
of the kind hitherto proposed. It consists of a bent glass tube 
ABCBEF (Plate I. Fig. 5.), of sufficient width to admit of a 
liquid moving easily from one part to another, and swelling out 
into the bulbs BC and EF. Into this tube at A is introduced 
a quantity of alcohol, which, after being conveyed into the bulb 
or wider tube EF, is thrown into a state of ebullition, and while 
the steam is issuing from A, the tube is there hermetically sealed, 
so that the air is completely expelled from the space ABCDE. 
The bulb BC is then covered with moistened silk or paper, and the 
instrument freely exposed. In consequence of the pressure of the 
air being removed from the surface of the alcohol in the bulb EF, 
a portion of that liijuid passes into vapour, and occupies the 
empty part of the tube. Were the whole of the instrument at 
the same temperature, this process indeed would quickly be 
stopjicd by the pressure of the vapour itself on the surface of 
the alcohol; but as the bulb BC has its temperature deduced 
by die external evaporation from the moistened silk or paper, 
the vapour which rises from EF is there condensed, and igms 
down in a liquid state into the tube AB. This distillation g5bs 
on more or less rapidly, according to the degree of cold induced 
iqion the bulb BC, that is, in proportion to the extecnal evapio- 
ration; and, consequently, the quantity of liquid collected in 
the tube AB, is a measure of that evaporation. Wlien the at¬ 
mosphere is completely saturated with mqjsture, or when the 
evaporation ceases, the temperature of AB will be the same as 
that of any qjf^her part of the tube, and the distillation, therefore, 
for the reason already stated, wiU also cease, 



Mr Anderson’s New Aimomeier. '* C7 

The measure of evapt>ralion thus found, is expressed in 
inches and decimals of an inch, by means of an attached scale 
GH, the divi^ons of which are determined by experiment. 
Suppose, for exiunple, that tlie •instrument is exposed to similar 
circumstances with an evaporating basin, and that the quantity 
evaporated from the litter in a given time, as determined cither 
by weight or measurement, is found to he one-tenth,of an inch, 
\^ile the alcohol distilled by the former*n the same time, fills 
the tube AB to the depth of one inch, then the scale being 
divided into inches and tenths, will indicate tenths and hund¬ 
redths of an inch of evaporation. By increasing the proportion 
between the diameters of EF and AB, the quantity of evapora¬ 
tion may he m^sured to any degree of minuteness required. 
In using the instrument, the tube EF is to be sheltered from 
raiij by inclosing it in a case or cover, to prevent its tenqTerature 
being reduced below that of the atmosphere by subsequent eva¬ 
poration ; and the bulb BC is to he kept constantly moist by 
means of a small cup ccmtainhig water attached to the tube im¬ 
mediately below it, the silk or paper being in contact \rith the 
water, or from an adjoining vessel, as in the case of the hygro¬ 
meter, The instrument is placed in a vertical position, and is 
prepared for a new observation by inverting it, so that the dis¬ 
tilled alcohol may he conveyed back to the tube EF. It is to 
he hoped, that this lieautiful and ingenious contrivance will soon 
meet with that reception among meteorologists, to which its 
merits so well entitle it. This atmomoter has already been con¬ 
structed,* and is found to |H)ssess the utmost delicacy. It is 
probable that it may in time supersede the use even of the hy¬ 
grometer. 


Axt. of the Distfifmtion of Rocks in Stietland. 

By Samijki. Hibbert, M. B. M. W. S. &c, (Continued 
from Voi, I. p. S14.) 

In the former part cJf my paper, I commenced with describ¬ 
ing the more southerly stiW;a of Shetland, situated at Fitful 
Head, which wore found to consist principally of «lay-slate, 
with the addition of gneiss and mica-slate. Tracing them from 
the south, the whoje were obseiwed to he intercepted in their 
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course by a mass of epidotic sienite, extending from Quendai 
Bay to Spiggie. In the next place, I described the sand¬ 
stone or granular quartz extendShg from Sumburgh Head “to 
the Islands of Mousa, Bressay and Noss, distinguished by 
containing no apparent fragments of other rocks, as of gra¬ 
nite, quartz and felspar; whilst to the \rest of it was a conglo¬ 
merate sandstone, in which such portions were disseminateiK 
This conglomerate sa&idstone was associated with another rock, 
consisting altogether of portions of other masses, as of granite, 
quartz, felspar, and ixxjasionally of gneiss. The whole of these 
conglomerate strata were shown to rest, by their inferior edges *, 
upon the surface formed by the superior edges of a variety of 
strata, as of quartz, mica-slata, gneiss, limestone, &c. Lastly, 
were described tlie strata of the Cliff HiUs, lying to the west of 
the conglomerate rocks and sandstone, conristing of cky-slate, 
wlillst again, to tlie west of the clay-slate, were certain associated 
strata of quartz and hornblende-slate. All these strata were 
shewn to be in contact with the northerly bounding side of the 
epidotic slenite, which they met at an angle, or, in other wwds, 
by an attachment of tlieir lateral edges. Again, the associated 
strata of quartz and hornblende-slate were found for a conside¬ 
rable distance to run nearly parallel to the strata of clay-slate, 
until, to the north of Scalloway, they began to be inflected 
to the eastward, so as to intercept, at Dale’s Ness, the whole of 
the strata of clay-slate. But certain, other strata of quartz and 
hornblende-slate, appearing to the east at Dale’s Voc, and again, 
still more easterly at Rovie Head, occurring certain ^sociated 
strata of quartz and limestone, these additional masses were re¬ 
presented in the character of nuclei, q» affording attachments to 
new strata of clay-slate, which, in a more easterly direction, 
in*nntained a course from one apparent nucleus to another. 

I shall now continue my description of the rocks in Shetland^ 
in reference to the map annexi^ to this number,^ which is in¬ 
tended to represent a horizontal section of tlie country. Certain 
strata of limestone, will therefore be first noticed, situated to 
the West of.’those associated strata of qilartz and liombleade 
which we had traced from Dunrossness. • « 


* Vqt the reasoas vhirb indueed me to adopt sueh new terras as auperioTf »r- 
^frtor and lateral edges of strata, I beg leave to refer to the first part of my paper, 
which appcarefl in Nitnil»er 11. of this Joiimul, ' , 
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UTAATA CQSIfECVVD WITH THE LIMESTONE OF TINCWALL AND 

CATFIETH VOE. 

•Here it is necessary prev^sly to descrilie the mass of Lime¬ 
stone, since I consider it in the^ight of a nucleus, as affording 
attachments to the lateral edges of certain strata of Mica-slate 
and Gneiss, appearingi«at the same time to determine the extent 
and direction of their course. 

"•'TAe Limestone ofTin^aU and Catfin'th Voe, —?East of the 
Islands of House and Trondra, first appears, as we trace it from 
the south, an important mass*of limestone, occasionally associa¬ 
ted with hornblende-slate. 

The fonn of the limestone, as represented in a horizontal sec¬ 
tion, is tliat of an elongated main trunk or body tapering to a 
point, from which are given rt(f two easterly ramifications. The 
mmn trunk or body of the limestone may be traced in a direc¬ 
tion of N. 5® E. (which is at the same time nearly the direc¬ 
tion of the strata) from House Island to the Vale of Tingwall, 
and thence to tlie north of Catflrth Voe; its length being about 
tliirteen miles, and its greatest breadth about 1200 feet. The 
first easterly ramification which we observe, and which is deno¬ 
ted by a corresponding change in the direction of the strata, 
passes through the Channel of Laxfirth Voe to Glitness. The 
second ramification passes through Vassa Voe, and the small 
isthmus of Brough, where, like the first, it becomes lost by the 
approach of the sea. 

The Mica~slaie in the Peninsular Tract Esmek a/nd GliU 
ness^ s^th-easi Vcissa Foa.-—The mica-'slate thus geographi¬ 
cally described, may be also traced from the Mainland to the 
distant rocks named Grief Skerry*, Rumble Island, Linga, and 
Iski^ter. These strata afford an example in their junction 
with the limestone, of a circumstance of relative {x>sition which I 
formerly dfjscribed. Here the lateral edges of' the strata of mi¬ 
ca-slate are* so opposed to the lateral planes of the strata of lime¬ 
stone, as to be intercepted by them. The general course of tlie 
strata of mica-slate, is from the mam trunk or body of the lime¬ 
stone (if I may so •name it), also from the southerly ramifica- 
tlcm of the limestone which passes through X«axfirth Voe and 
Glitnesis, to that nortHerly ramification, described* as passing 
throujgli Vassa Voe and Brough, by Mhich it is intercepted. 
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The direction of the mica-slate is very various, being from 
N. 25“ E. to even N. 60" E., increasbg in this respect as we 
pursue an easterly epurse, calculate;^ to cross the strata. The 
dip IS to the west, generally at angles of about 45°. 

The Gneiss of Neap^ Lu/nning~head, Wludse;^, and tJk; Out- 
skerries .—Tracing these strata in a general direction from 
S. W. to N. E. we find them, near the head of Catfirth Voe, 
taking their course well from the mai^ trunk of the linip.- 
stone, as from that northerly ramification which passes through 
VassaVoe; consequently the cipcunistancc of junction under 
which the gneiss is found, is similar to that of the mica-slate last 
described. Near tlii.s junction occur also small associated masses 
of granite, which scera to aid the litnestone in affording at- 
tac^hments to the strata of gneiss. 

Certain of the strata seem to be continued uninterruptedly in 
a north-easterly direction, through Neap to Whalsey and the 
Outskerries; whilst at Lax Voe a mass of sienite, about two 
miles in lengtli, and half a mile in breadth, is opposed to the 
rest of the strata nearly at right angles. Their course being, 
however, resumed from other points of the sienite, the gneiss is 
variously continued to Lunning Head, to the islands between 
Lunmng Head and Whalsey, to the western coasts of Whalsey 
and tlie Outskerries, and to Meiklc Skerry. ' 

These strata are much traversed by veins of granite, and oc¬ 
casionally by sienite. At the Outskerries occurs a small round- 
isli mass of sienite on the Wart Hill, probably 300 feet in dia¬ 
meter, and a considerable bed of limestone, about 400 feet wide, 
the course of which is visible in a direction of N. 50° E. for a 
mile and a half. ^ 

The strata, taking their course from the limestone, granite 
and sienite, to which |hey are attached, are severally directed 
to different jiointft^of the compass, viz. from N, 85° E., by which 
direction they>^e probably continuous with the distant island 
of Mcikle^Sfci^i'Jfj, to N. 50“ E., by which they meet the lime¬ 
stone or sienite bf the Outskerries. The dip is to the west, at 
a variety of angles. The strata are, however, much confused 
by the occurrence of innumerable small insulated masses of gra¬ 
nite, seldom exceeding two or three feet in width. These sub¬ 
ordinate masses afford complete epitomes of the difl'erent cir¬ 
cumstances under which occur those mountaiii-raasses of an in- 
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dependent form, which, in rdl^on to the strata attaclicd to 
them, I have conceived^ in the light of nuclei, since they 
’assume every variety Ration and form, and meet strata 
at aJI p>ssiblc angles, ^''%'husj. consider, that a study of the 
conditions’ of junction, tmder which small insulated masses of 
granite, sienite, porphyry, limestone or hornblende, are found 
with the strata which they traverse, will afford the most direct 
£«amples of the distribution of rocks of a similat'kind, when, 
•from their greater magnitude, we may consider them in the 
light of mountain masses. The rocks which disturb the course 
of strata, appear in fact, independently of magnitude, to differ 
from each other in two respects only. Certain strata attached 
by their lateral pdges to rcxjks which I have regarded under the 
charju!tcr of nuclei, may, in the first place, be observed to ter¬ 
minate altogether at the place of junction. From no other re- 
niaining points of the mass is a resumption of such strata to be 
found. Ou the contrary, either a new series or system of rocks, 
or strata of a similar kind, arranged in a totally different order, 
or perhaps with a direction and inclination equally varying, de¬ 
rive their origin from the remaining and generally opposite 
jioints of the nucleus. Secondly, Certain strata attached to a 
rock by their lateral edges, are not altogether terminated or in¬ 
tercepted, but only by such an occurrence intcn’upted iii their 
course. We find that, from other ]>oints of the interrupting mass, 
similar strata are resumed, but frequently with some disturb¬ 
ance in their line of direction or dip. Under this view, every 
small insulated mass or vein which traverses strata, is a nucleus 
of a subordinate kind, w'hicli inte’Tupts and lUsUirbs, but does 
not eventually terminate the eoiirso of strata. 

** THK STRATA OF LUNXA NC,SS. 

Inmna Ncss is a considerable headland, con.stitutiiig the north¬ 
easterly extremity ofi the Mainland of Shetland. 

These strata consist of gncis.s, appearing, from their proximity 
to the rocks of the same name last described, to form a part 
of them. The strata, however, of Luniia Ness are a ch.stinct 
system. They cxFnbit certain imperfect mamfesl?atiODs ol‘ a con¬ 
glomerated stnietifre, by containing angular portions of’ quart?:, 
which, however, most frequently ^aduate into th§ substance of 
the containing rock. The strata are traversed by numerous in¬ 
sulated veins of granite, ^d occasionally by those of siemte. 
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Two or three roilcs to the south of liunna, at the head of 
Lax Voe, may be noticed a small mass of sicnite, together with 
associated strata of qnartz and limei^ne. These rocks, like nuu ' 
clei, afford attachments to the s^i’ata of Lunna Ness; and ac¬ 
cordingly we find, that in tracing tlte strata in 'a northerly di¬ 
rection from this, tlie most southerly poinwin which they occur, 
their cours^e is continued m a direction of N. 12'“ or 15“ E, to 
the extremii} of Lunna Ness. Here the sear precludes a knov«-^ 
ledge of the rocks by which they arc intercepted to the nortli; ' 
but it is probable tliat the strata of Lunna Ness may be identi¬ 
fied with gneiss of a similar conglomerated structure, occurring 
in the island of Hascosea, or with the strata of Ectlar, which are 
intercepted by tlie serpentine of that island. 

The chp of the gneiss is to the west at various angles. 

A little more than a mile to the north of the mansion at 
Ijimna, are two or three remarkable detached rocks, named tRe' 
Stones of Stc])his. Of these the largest is about twenty-three 
feet in height, and ninety-six feet in circumference. No objects 
of geological notice have excited greater attention than frag¬ 
ments of this nature, regarding the origin of which, scarcely any 
opinion can be offered more than amounts to mere surmise. 

In the present instance, it is to be conjectured, 1st, That 
these enormous detached masses cannot have undergone any 
very distant removal, since they repose on rocks of precisely a 
similar kind. Nor, in the 2d place, docs it appear, that they 
have been loosened from rocks of a greater altitude, since they 
themselves occupy the most commanding site in their immedi¬ 
ate vicinity. In tlie 3d place, If we are inclined to,consider 
them as the detached remains of a pre-existing rock, being the 
only parts which have escaped a decomposition by whicli the 
rest of the rock had been removed, still we must admit tliat 
such a disintegrating process must, to any perceptible extent, 
have long since cea.scd; since, of all rocks in Shetland, the 
stones in question, from the quantity of quartz, and the little 
felspar which they contain, are the least prone to decomposition. 
That such a detached state is, therefore, an cpginal condition of 
the rock, I .shall consider as the nioot rational conjecture, untijl 
such reasons, as are the result of a more edvaneed state of geo- 
Jogtcal science, can be brought forward to prove the contrary. 
At present, I am far from being convincc^l, that a state of cohe- 
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aion must have been essential to the primafy condition of rocks, , 
or to the particles which make up their ingredients. The con¬ 
trary, indeed, is rendered more probable,.by appearances ob¬ 
servable in otlier parts of the wyrld, whidli are with equal diffi¬ 
culty attributabte to 4hc dccomj.)osition of pre-existing rocks, or 
to debacles. 

STRATA CONNCCTED WITH THE SIENITIC AND LIMESTONE MAS- 

"* SE8 OF THE tENTllAL DISTRICTS tlF SHETLAND. ^ 

• . . . . * 

The examination of the central districts of Shetland, chiefly 

comprised in the Mainland and the islands in the Bay of Scallo¬ 
way, will afford additional reason for regarding certain rocks in the 
light of nuclei, as affording attachments to the lateral edges of 
.strata, and determining tlie extent and direction of their course. 
The rocks which arc principally concerned in the distribution of 
Uiy strata now to be described, are four in number. The first 
is a mass of cpidotic sienite, which may be designated, from its 
situation, as the south-westerly mass of epidotic aieiiite; the se¬ 
cond is a massof limestoneextending from WeesdaJe Voe to Dale's 
Voe in the parish of Delting; the third is a mass of sienite occur¬ 
ring in the vicinity of Olnasfirth Voe; and the fourth is a consi¬ 
derable mass of sienite, chiefly occurring in Ilagrasetter Voe 
and Yell Sound. 

Now, since the order in which I notice the strata is, as they 
arc crossed from cast to west, their course being at the same 
time traced from their soutlierly to their northerly points of at- 
tachraeiit to other rocks, the strata to be described will, in rela¬ 
tion to»the nuclei which appear to determine tlieir course, distri¬ 
bute themselves in an order that may be easily followed. Af- 
ter^i 1st, describing certain strata of St Honan’s and Colsay, 
the relations of which, from tlie advances of the sea, are very 
obscure, and which, on bare probability, are supposed to mam. 
tain a amrse from the south-westerly mass of epidotic sienite, 

I shall, ^dly, proceed to describe strata with less doubtful 
relations, as probably maintaining a course from the south-west¬ 
erly mass of epidotic sienite, until they are observed to be inter¬ 
cepted very far north by the limestone of Weesdale Voe and 
Dale’s Voe: 3dly,' will be described strata, the relations of 
wliich are sufficiently evident; these maintain a codrsc from the* 
south-westerly mass of cpidotic sienite, to the sienite of Olnas* 



74 


Du Ilibbert o« the JDistribudion 

iiriii Voe: and, 4^1y) strata will be noticed, which maintain a 
course from the sienite of Olnasfirth Voc, to the sienite of Ha- 
grasotter Voe and Y,e]l Sound. 

I r' 

1. Strata^ the relations of whhh are obscure^ ^Imt conj^ured 
to mmntavn a course from the south-westerly mass of Epi- 
dotic Sienite^ witil they are mterceptcd by the Lknestone 
House Isla/nd annd Trondra. 

Here I sliall take tlie opportunity of iirsi noticing the south¬ 
westerly mass of e|)idotic sienite; and, in the next place, the 
strata of St Ronan’s and Colsay. 

SoutJt-westerly mass of Epidotic Sienite.--—Thif^ mass, from 
the length of its course, which is fifteen miles, far exceeding its 
breadth, which is never greater than a nule and a half, would be 
named by geologists a Dike. Being first observed near Coleness 
in the island of Burra, it may be traced in the numerous contigu¬ 
ous islands and rocks, bearing the names of Papa, Oxna, Cheneys, 
the Stags, Hddazoo, the Sandistura Rocks, and Foreholm: 
from thence to the Channel of Sand Voe, Bixeter Voe, and, ia.st- 
ly, to Aith Voe, in the parish of Aithsting- The rock contains 
much epidote, besides hornblende, and is octiasionally porphy- 
litic, forming, when polished, a beautiful ornamental stone. 

Strata of St Ronan's and Colsay .—At St Ronan’s, a small 
peninsula near Dunrossness to the west of the Cliff Hills, we 
cross a scries of strata, consisting of mica-slate, and of a gneiss 
which, in the skerries to the west of St Ronaii’s, is poi’phyritic. 
The dip of the strata is to the west, at various angles, averaging 
45 ” 

It may be stated, that the mass of epidotic sienite, repre¬ 
sented by numerous islands in the bay of Scalloway, is probably 
continued through tlie channel of the ocean, so as to meet tiie 
sienite of a similar kind in Dunrossness. For if the lines in the 
annexed map, which represent the bounding sides of each mass 
of sienite, be produced in very nearly the customary direction 
in which wc have traced them, they will be found to jtan, or to 
lie continuous. ‘ The Hnes also would pass so near Uic south of 
Colsay and St Ronan’s, that the strata would appear to derive 
their course from the epidotic sienite, until*, as we may infer 
* from the direction of the strata, they are intercepted by the 
limestone at House Island and Trondra to the west of the Clift* 
Hills. 
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2.. Strata mpposed A? maimtam a course from the south-wester- 
^ ly mass of Epxkdsc StenUe, imtU they are intercepted by the 
• Limestone extending from Weesdale Vet to Dalis Voe, in 

Veil Somid. , 

After descrilMng Che mass of limestone which intercepts the 
strata to the north, we shall be better prepared to consider the 
relations of the strata both to the epidotic sienite and to the 
iMoestone. • » * 

* Limes^ne continuous from Weesdale Voeto YeU Sound .—This 
mass of limestone, of an elongated form, eighteen miles long, and 
alxiut twelve or fourteen hundred feet wide, first makes its ap¬ 
pearance, as we trace it from the south, in the archipelago of is¬ 
lands near the mouth of Weesdale Voe. From thence it is con¬ 
tinued in a direction of nearly N. 12° E. to the head of W eesdale 
V<x;, and over a covered country as far north as the head of 01- 
nasbrth Voe. Here Uie limestone assumes a new direction, Ijoing 
inflected considerably to the eastward; it thus continues in its 
new course to the east of Dale’s Voe, in Yell Sound, disappear¬ 
ing at lengtli m the peninsula of Foreliolin. 

In order to shew the mode by which the strata arc intercept¬ 
ed by tliose of the limestone, I shall on this occasion consider 
them in an order the reverse of that which I have hitherto 
adopted. This is the order in which they would successively aji- 
pear to us as we cross the strata from west to east, after leaving 
the limestone of Weesdale. 

Strata of Bmeness, and the hill named the Long Kame .— 
These, strata are of mica-slate, approaching, however, by the 
slight presence of felspar, to the nature of gneiss. The rock is 
distinguished by the dark colour of its mica. These strata 
yity, at the point of Beneness, and the islands of Havery and 
Juonga, be observed in the immediate vicinity of the cluster of 
rocks and islands wh^h denote the track of the cpidotic sienite. 
At the istand of Papa the junction is manifest. Thus there 
can be little doubt, but that the course of the strata is derived from 
the sienite. This course is maintained nearly as far north as Uio 
head of Olnasfirth Voe, in a direction almost parallel to the course 
#f the limestone ol‘ Weesdale. But at Olnasfirth Voe, where 
the limestone begins ih be Inflected in its course toitlie eastward, 
tl|e lateral edges of the strata of mica-slate, which do not de* 
viate in their line of dii’cction, begin to be successively opposed 
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to the lateral planes of the strata of limestone, until a ©mnple^ 
interception of the mica-slate is induced. The general direc¬ 
tion of these strata is about N. 12“ E.; the dip is to the we^ 
at angles fibm 45“ to 70“. r ^ 

The strata contintmts frmn the Islaiids of Great and 
Little Havery, near Dunrossness, to Hhe Islands YeU 
Sound .—These strata are of gneiss, with the exception of a few 
to the east of them, which are of mica-slato, and they arc tra¬ 
versed every where by insulated veins of granite, which often 
cont£un talc in the place of mica, arid occasionally by hornblende 
and sienite. We trace tins very considerable mass of gneiss from 
Great and Little Havery to the large islands of House and 
Burra, to tlie west of Trondra, to the Mainland west of Scallo¬ 
way, where it forms a long chain of hills, named tlie Eastern 
Kame, extending to Swinmn Ness and Colafirth Ness, in Yell 
Sound, to the peninsula of Foreholm; and, lastly, to an is¬ 
land in Yell Sound, named Weatherholm. 

At Coleness, in the Island of Burra, where die epidotic sieii- 
ite, as we trace it from the south, is first manifested, the strata of 
gneiss appear in junction with it. But since the continuity of 
the epidotic sienite with the similar rock of Dunrossness, already 
described, cannot, from tlie inroads of the sea, be established, 
we can only speak to the great probability there is, that tlie stra¬ 
ta of gneiss derive their course from the epidotic sienite. This 
course is uniformly condnued in a stratified direction of N. 12® 
E., until the gneiss, a little north of the Head of' Olnasfirtli Voe, 
begins to be opposed to the limestone extending from W(*esdaie 
Voe to Dale’s Voe. The interception of the mica-slate of tlie 
Liong Kame having been accomplished, that of the strata of 
gneiss situated to the east of it follows: accordingly, the raulse 
of tlie greatest part of the strata is manif^tly teririinated in the 
penmsula of Foreholm, which is the mo^t northerly point to 
which we can trace the limestone. It is highly proiriable, that 
in the channel of Yell Sound, tlm interception of the few ro- 
maiiiing strata is completed, 

A subordinate mass of limestone of a very pure quality, occurs 
in the island of Great Havery, whilst another, five miles long^ 
j^d two to three hundred feet broad, mdy be traced from the 
bridge connecting the islands of House and Burra to Burwick 
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tlie The strata dip to tlie at a variety of 

migies, generally about 45”. 

• Limestone of UsUmess.'^A moss of liijaestone, presenting in 
a horizontal section an elonga^d form, and tapering to a point, 
is interposed Ifctween the mica-slate of Beneness and the gneiss 
last described. It is.eight miles long, and its greatest breadtli 
exceeds sixteen hundred feet. The direction of the strata is 
nearly due north, varying some little frpm tliat of# the strata on 
« ciich side* That this interposed mass of limestone lias the effect 
of intercepting strata, is shewn by a diminution of the breadtli 
of the gneiss, to an extent corresponding to die space occupied 
by the limestone. 

8. Strata mahUaining a cenvrse from (he smtherly Mass of 
Epulotlc Sienile to ths Siemte of Ohiasfirth Voe. 

, Here a proper occasion is afforded for describing tlie sienite 
of Olnasfirth Voe: we shall then have two unstratified masses 
made known to us, which, like nuclei, appear to determine 
the course of connecting strata. 

Sienite of Olnasfirth Voe .—That part of the mass wliicli 
occupies the bed of Olnasfirth Voe, is distinguished by its dark 
ailour, and by containing very little mica. But to the north 
and north-west of Olnasfirth Voe, another rock of sienite is an¬ 
nexed to it, which is characterised by the quantity of epidote 
wliich it contains. In this addidonol mass of epidotic sienite, 
tlierc is much less hornblende and more felspar, than in those 
rocks of the same name which I have before described. The 
magnitude of the rocks taken collectively, may be estimated at 
five miles in length, and one mile in breadth. 

Mka-Slide of Weesdede HUl .—This rock is distinguished by 
ihe light colour of its mica; it also contains some trifling quan¬ 
tity of felspar. The strata most unequivocally maintain a 
course from the epidotic sienite in the Bay of Scalloway to the 
sienite of Olnasfirth. In their course they form a chain of 
hills, which, with the exception of Ilonas Hill in North Mavine, 
are the highest in Shetland. The elevation of the hill at Wees- 
dale is estimated * at about ISOO feet; Scallowficld, a more 
hortlierly eminence, is somewhat higher, and there is a very 
considerable hill bounding Olnasfirth Voe. Tlilfe direction of 
theite strata is about N. IS!” E., like that of the other rcx*ks de» 
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scribed. The dip is generally to the west, at angles vei^y 
nearly vertical. 

Gneiss extending ^from Foraness emd Rusaness to Grohiih^ 
ness in Olnasprth Voe. —The gmeiss thus described, which is 
much traversed by insulated veins of granitt, has a direction of 
N. E., dipping to the west at angles# of about 45°. The 
course of the strata is from the epidotic sienite of Sand Voe 
and BigsettCf Voe to .^he sienite of Olnasfirth Voe. In the 
gneiss of Sclaness in Aithvoe, may be observed the vein of gra¬ 
nite to which I formerly alluded in^'speaking of tlie conglomerate 
rocks. It contains rounded concretions six or eight inches in 
length, and these, if we were ignorant that they were taken 
from a rock exhibiting in no other instance appearances of a 
mechanical origin, would be readily conceived of as water-worn 
pebbles. The vein is six feet in width. 

At the Burn of Taitagill, where the gneiss and the Weesdale 
mica-slate pass into each other, an extraordinary quantity of por¬ 
celain earth is accumulated, by the decomposition of the felspar 
which the gneiss contains. No experiments have yet been 
made to ascertain if the substance is applicable to the arts: 
it is tlms found on the estate of John Boss, Esq. of Weesdale. 

4. Strata maintaining a cmrse from the Sienite of Ohias- 

jirth Voe to the Simite of Hagrasetter Voe and Yell Soimd, 

Our notice of tliese strata, previously leads us to that of the 
most ncfftherly mass of sienite remtuning to be described. 

The Sienite of Hagrasetter Voe and YcU Sound. Thi&mass 
of sienite presents, in a horizontal section, somewhat of a pyri¬ 
form appeai-ance, the outline of which may be traced by com¬ 
mencing our investigation from the grounds of Thomas Gifford, 
Esq., close to whose mansion the rock first appears. The 
boundary line may then be traced north,, along the western 
banks of Hagrasetter Voe, the western side of the peninsula dT 
Glus, the extremity of Ollabcrry Ness; then in a south-easterly 
direction in Yell Sound, through tfie islands contiguous to each 
other, nametl Brother Island, Little Bhoo, Blga, and Samph- 
ray ; thence to Firth’s Voe in die Mainland, and in a westerly 
direction to Gi’*thness Voe. It is then continued in the bed of 
Hagrasetter Voe, re-appearing, however, in the isthmus divid- 
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ing that channel fr6m Busta Voe; and, lastly, we return to its 
sotitlierly origin at the grounds near Busta. The sienite, as we 
tlijis trace it, is 33 miles in circumference. ^Its utmost lengtli is 
12, and its greatest breadth is 8 miles. 

^ - . 4 ' 

At Tofts Vo#, and in the islands of Yell Sound, this mass of 
sienite has a congloiufgrated structure, containing large appa¬ 
rent angular fragnient.s of hornblende, some also lieing so round¬ 
ed^ as to impress uppn tJie mind, at llrst^sight, tlio,,existcncc of 
water-worn pebbles. This notion will, however, receive little 
support from the frequent graduation of such apparent pebbles 
into the substance of the containing mass. A circumstance most 
meriting attention in our examination of this rock, is the occa¬ 
sional appearance of strata of gneiss in the very ccnti'e of the 
sienitic mass. Such strata arc, however, of inconsiderable extent, 
seldom exceeding a quarter or half a mile in breadth. This 
* ftlmnifestation of included strata of gneiss, is observable near 
Tofts Voe and Brough, on the shores of Yell Sound. 

Gnelnsand Mica^slnte between Hagrasetter Vocand Dale's Voe. 
-—These strata, bounded on the west by part of Hagrasetter Voe, 
and on the cast by Dale’s Voe, may be traced in the northerly 
direction from their attachments to the sienite of Olnasfirth Voe. 
They thus maintain a course from the sienite of Olnasfirth 
Voe, to the sienite of Hagra.settcr Voe and Yell Sound. 

The strata consist for the most part of gneiss, but to the east 
the felspar becomes evanescent, and we have rocks possessing 
more the character of mica-slate. The strata to the west have a di¬ 
rection of about N. 15'" E.; hut as we cross them from west to 
east, the direction varies accordingly, by being more easterly 
also. The dip is to the west, at angles from 45° to 70°. 

• 

•I have at length concluded my account of the strata connect¬ 
ed with the sienitic and limestone masses of the central districts 
of Shetlandjjivith the exception of .strata deriving their course 
from the northerly bounding side of the sienite of Yell Sound, 
and certain strata to the west of that part of the epidotic sienite 
which extends from Sand Voe to Aith Voe. Tliese rocks will 
be described in bringing to notice other mountain masses, pos¬ 
sessing in like marni^ tjie character of nuclei. 

(To be continued.) 
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A«t. XII . —Account of a Suhterrmean Glacier at Fomdettrle^ 
containing reguhir crystals of Ice 

The only subterranean glaciers which‘are *generally knowii 
to exist in temperate regions, are those Beaume in France, 
Tselitz in the Carpathian Mountains^ and Foudeurle in the 
south of France. The two first of these have been slightly no¬ 
ticed ; but, in so far as we can learn, the subterranean glfH,iel 
of Fondeurle has not yet been described in our language. 

The Fair of Fondeurle is the name given to a very extensive 
meadow, about twelve miles to the north of Die, in the depart¬ 
ment of the Droine, in the great calcareous sul>-a]pine range in 
the south-east of France. This meadow is situated above the 
limit of the wood, which here terminates at the height of 
5147 feet above the level of the sea, and is bounded on tfie 
north and east by a high calcai'eous crest, while in the south it 
joins the Col do Quint at Fondeurle. In the month of June 
the Fair of Fondeurle is held upon this plain, and all the cattle 
dealers of the ncighliouiing moimtains, in spile of the difficulty 
of access, bring hither their flocks, which have sometimes o- 
mounted to 1000 mules, 4000 cows and oxen, from 15,000 to 
SOjOOO sheep, and from 1000 to 1200 goats. 

The soil of Fondeurle is horizontal and smooth. It has the 
appearance of an ancient lake, which has been filled up by the 
detritus of the mountains; and upon careful examination it ap¬ 
pears to cover an immense cavern, in wdiich the brook tjhat tra¬ 
verses the meadow from the east to the south is lost. If, instead 
of descending the Col de Quint, we turn to the left of the Fair, 
we discover numerous and extensive caverns, several of which 
have been destroyed, and whose ruins produce the most curious 
and extraordinary effects. I'he whole surface of the mountain, 
indeed, from the Fair of Fondeurle to the Wood'df Vascieux 
to the cast, presents the same appearance: and we witness only 
calcareous strata tom down and distorted, heaps of stones, clefts, 


• This account of the Glacier of Fondeurle was given.by M. Hcricart de Thury, 
in a MS. Muicralogical Tour in the South of Frante. An extract from thht MS. 
was first publislied in the Journnl de$ Mtnc», vol. xxxiii. p. 1.57. 


Account (^' a subterranean Glatici at I'ondcnrle. 81 

gulfs, and large alpine meadows overturned and deposited in 
one mass of desols-tion. 

• One of the caverns of this singular place*is called the Ghmer 
of Fondcurlc. It has two lavgfj openings, one to tlie east and 
the other to th^west*. It slopes gently to the north, and pro- 
Wbly commiimcates \^li other subterranean cavities on a lower 
level. Tlie cavern of the glacier is nearly 200 feet deep, with 
gr^t irregularity imits width. A rock wore than 06 feet thick 
^ornis its roof. The interior is deairated with beautiful calca¬ 
reous Stalactite'S, which in some places descend from the roof to 
the ground, while tlie floor is Mjtiegated with cones of calca¬ 
reous alahastrite, which sometimes ovci’top and shoot out from 
a slioet of ice of the most perfect transparency. From the 
vault of the cavern are suspended a great number of stalactites 
ol’ hnijiid ICO, several of which roach the floor, and lose them- 
sjfl^es 111 tlie icy pavement. The frozen stalactites are insulat¬ 
ed in tlie middle of the ciivern, while those of alabaster are siis- 
laincil u])on its flanks, aad form, by the union of their surfaces, 
the finest folds of a rich drapery.- One of the travefiers who 
occomjianied IVl. Ilericart do Thiiry to this cavern, having cut 
a pillar of ice, placed in the inside of it the light which he caPi*' 
lied. The cavern was instantly illuminated with various brilliant 
tints of yellow, blue, green, and red, and the eyes of the spectft^ 
tors were dazzled with tlie magical effects of the reflected rays 
placing ujKin the floor of ice, upon tlie pillars of alabaster, and 
upon the great stalagmites which lined the walls of the cavern. 
Thcii- admiration, howt-ver, was .still greater, when, having de- 
tathed some of the stahietitical pillars of ice, they found them 
hollow, and forming geodes oj- drusy cavities, the interior of 
wlmh was studded with the fiiie->t crystals of ice. This im- 
ex}x*cted appearance induced tlieui to examine more narrowly 
the pavement of ice u|)on which they trod, and they were siir- 
jnised to S«d it composed entirely of irystallized portions, of 
the most perfect transpaiency, presenting, for tlie mo.st part, 
hexahedrid prisms, whose terminal surlace was covered W'ith 
striae parallel to the Jfaees of the jinsni; while the crystals in the 
inferior of the stalai^tites were sometimes triangular prisms, and 
sometimes Uexaliedral ^irisins, occasionally striate^ like those 
in the floor Some of these crystals, which had a diameter of 
f, VOT.. II NO. 3. .TWI'AliV 1820. V 
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• 0.005 of a millimetre, presented facets which replaced the tearoi- 
ital edges, that formed the junction of tbfe ptisni with its base. 
They could not, howievor, discover toiy cryi^s with pyramidal 
summits *. ‘ 

Having thus examined the form of the ^y crystals, the tra¬ 
vellers restimed the lights; and having pl^ed them in the most 
clear and best crystallized parts of thecaverO) they congratulat¬ 
ed themselves in having produced, amid theli’uinsof the caverns 
of the desert of Fondeurle, an effect worthy ol’ ail that the ma¬ 
gical palaces of the Thousand and one nights could present to 
the richest and most brilliant imagination. 

The floor of ice is occasionally dug Up, and carried to the 
nearest towns, and even to Valence, which is more than two 
leagues distant. 




Aet. XIII.— Observation,^ on the Natural History of the Ser^ 
tidaria geJatinosa Pallas. By John Fleming, U.D. 
F. R. S. E. and M. W. S. Communicated by the Author. 


J^LTHOUGH the penetrating genius and perseverance of 
Ellis elucidated the characters of many species of Sertulariee 
which occur on our shores, much yet remains to he done, in or¬ 
der to complete the history of this beautiful tribe of zoojfl^es. 
Since the days of our British Lynceiis, however, few ofefervers 
have turned their attention to the study of tht*se animals, so as 
to make us acquainted with new species, or to extend our know¬ 
ledge of the economy and distribution of those which have al¬ 
ready been described. 

In 1800, Mr Adams published a descriptiem of what he obci- 
si^ered a new speries, and which he termed S. imbricaiaf in 
Je 5th Vol. of the Linnean Transactions, p. JH. Tab. 

5 .—II, M. Lamouroux, however, in his valuable work 



f cryfetah of iee have also beftn olMterved by M. Hasfwafraiz and J4r 

i and we have twea infoimed by jdr Sourebby, that when thick biacafli 
left to thnwupon deck, they always presented the rude cvUiAi/Jf 
a^rsided prisids. Botn^ de t4sle, M. d'Antic, and fidr Scoreshjr, hnVe 
«A octahedral c^state, fortned of two four-sided pyramids. These crytlldl^^dlle 
toe strtetly cortfortpable to the optical structure of ice, as ascertained by 
Brewster, See P/uL Traitt. JS18, p. 211., and Ediv Enoyd. Art. Ice. » 
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Striidcma Gdatinosa (^Pallas. 

• “ Histdire des PolyiHers coralUg^nes flexibles,” p. 184. ap¬ 
pears to entertain doulHs its animal nature, and to consider 
Jtas beloxig^g to dW tribe of sea-weedsT The imperfect de¬ 
scription, and die indistinct figures which are given in illustra¬ 
tion of its characters, justify such suspicions, and point out the- 
necessity (£ a new t!!camination of the species, brfore its stiu 
tion can be assigned with any degree of confidence. 

-The Settularia ^pemutUda of Ellis, ffZooph. p. Tab. vii. 
•f. 1, 2.), supposed to be an oriental spedes, is a native of the 
shores of Devondiire. This discovery we owe to the late 
George Montagu, Esq. well known as the author of Testocea 
Britannica, and the Ornithological Dictionary, who, in a letter 
dated 27th December 1808, informed me of the Circumstance, 
and subsequently transmitted a very fine native speCiinoQ. This 
.^celebrated zcxilogist had paid great attention to the zoophytes of 
tTie English shores; so that his death, which took place while 
arranging the information which he had collected during a long 
period of active research, may be regarded as a national loss. 
In consequence of my entreaties, he composed the paper on 
British Sponges, which appeared in tlie Menaoirs of the Wer¬ 
nerian Society, Vol. ii. Part 1. and which oxhilats the fruits of 
much industry and acuteness. Had life been spared, it was his 
intention to have methodised his observations on the Linnean 
genus Alcyonium, of which, from his letter, dated 2d Novem¬ 
ber 1811, it appears that he had determined nearly forty British 
sptK*ies! Fortunately for die interests of science, his valuable 
collection was purchased by the pubhc, and now forms a part of 
the British Museum; so that we may look with confidence to 
Dr Eeach, the zealous and intelligent zoolc^st to that esta- 
l^iShment, for an account of the numerous rare and undescribed 
speries Vhidi it conf^ns, the monnmaots .of the merits of Jiis 
deceased countrymani* 

In the tfSwth of November 1808, I observed a new species 
of Sertularia among the refuse of the oyster-boats at Newhaven, 
and, in the fcdlowing y^-, I found die same species, both at 
Aberbrethick and ih %edand. It approaches, in its structure, 
the S. vertirifliata of Efis’s Corallines, p. 2. No. 20., Tab. xiii. 
%, a-A, but differs from that apecies, besides othef characters, • 
hi JlSvicregulariy dispcml, and nearly sessile cups. Having 

F 2 
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cDinmunicated specimens of this zoophyte to my scierittfie 
IficnU and correspondent, Mr Montagu,^ he recognised it as 
a species which he had found on the sliores of Dcvonshii^e,* 
find on wliicli he was disposed to bestow the ti^j.vial name du- 
mosa .—But I cannot, at present, enter into the details of the 
history of this or oilier new species, havifig already wandered 
far from the/ibject of theprcsentcoramunication, in which I pro¬ 
posed to myself to give a description of the Sertularla gelati- 
nosa of Pallas, with s<iine remarks on its history and cennomy. 

S. ^rlafinosa. Stein composed of tubes; branches iii pairs, 
divai’icatc, sub-alternate; denticles on foot stalks, altemate, 
bell-shaped. 

CoralJina hliformis ramosa jiedunculis calyciilorum contortis 
Ellis'’s Corallines, p. S3. Tab, xii. f. c. C., Tab. xxxviii. 
f. 3. B, C, 31. 

Sertularia gelatinosa. Pallas, Filencluis Ztxjphytoruin, p. 116. 
No. 67. 

The hose of this Sertularia, by whicli it adheres to stones, is 
spreading and sjiongy, and consists of numerous closely inter¬ 
woven tubular fibres, which rapidly apjiroach to form tlie .item. 

The stcvi rises to iieaily a foot in height, and is so flexible as 
to move ivilh every agitation of the water. It is thickest at the 
base, where it consist,s of numerous tubes, but as these dimi¬ 
nish in nuniher, until, at the top, there can only be perceived 
a single branched tliread, it tapers gradually to a point. It is 
nearly straight throughout, and is seldom divided. 

The branches are disposed round the stem in nearly an alter¬ 
nate order, and as they aj*e longest tow'ards the base, and gradually 
diminish In length towards the summit, a graceful tapering out¬ 
line is producx'd. They occur in pairs, which have their orf^i 
nearly at the same jiolnt. They are not formed fi'om the cx- 
Icrnal tubes, as in some of the other Scrtwlariae with compound 
stc'ins, but from the central one.s, those at the su^ace turning 
aside to admit their exit. These branches proceed from the 
stem in iicaily a perpendicular direction, and diverge from each 
other at an angle of about 45". Each branch is acutely coni¬ 
cal, giving out, towards the base, subortjnafe branches, likewise 
‘ in pairs, aiSiUax to those on the main stem; at last these be- 
(umc alternate, and, gradually shortening, the subordinate stem 
Mipporis only alternate denticles, atyl cither terminates in twdu 
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. deniides, in a single one, or in a davato mass, conlaimng the 
rudiments of a future denticle and polype. 

* '• The denticles are terminal, and arc supported on short foot¬ 
stalks which issue from the sjem in an alternate order. They 
are bell-shaiidB, somewhat produced, with an entire margin 

The vesicles are q^tc, approadiing to cylindrical, with a con- 
tiacted truncated moutli, covered with a hemisjihcrical lid. They 
are solitary, nearly sessile, and arise in jhe divisione of the bran- 

• chcs or of the foot-stalks of the denticles. At the point of separa¬ 
tion of the larger branches* there is usually a small twdg, sup¬ 
porting two or three denticles with vesicles. 

The steins are of a brownish colour, opake, and of a firm 
tough consistence, but in approaching the extremities they be¬ 
come soft, colourless and transparent, so that the central stein pf 
the polype can be easily distinguished. Immediately above 
*^^vcry division, whether formed by a branch or foot-stalk, there 
are several transvc*rse wrinkles, \arying in number, being sel¬ 
dom fewer than three, or more than six. Similar wiinkle^ oc¬ 
cur on the foot-stalks at the base of the denticles. The s^tems, 
at the divisions of tlie branches, are a little thickened, while 
the foot-stalks at the base of the denticles are slightly attenuat¬ 
ed. 

The body of the polype is distinctly visible through the 
transparent covering. In the branches it is somewhat dusky, 
but becomes paler towards the denticles. The foot-stalk of the 
jiolype, which corresjKinds with the foot-stalk of the denticle, 
is narrow, but it suddenly enlarges in the denticle to form the 
body, nearly of the same shape with its covering, at the sum¬ 
mit of which the tentacula are disposed in a circle. These are 
about twenty in number, linear, blunt at the extremity, and di¬ 
vided into about ten rough raised joints. Above the circle of 
tentacula there is a globular liead, containing the mouth. The 
polypes asfe not very irritable ; for, even when pricked with a 
needle, they seldom retreat completely within their covering, 
and when left at rest, soon expand themselves, the summit of 
the body liecoraing even with the margin of the ilenticlc, and 
J^he tentacula divergiiW or folding backwards on its external sur¬ 
face. When in an Active state, I have observed the water 
taken in at tlie mouth descend, for the space of several second.^, 
through the gelatinous paicnchyiiia of the body and foot-btalh, 
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and again return to be ejected.. The fluid thus circulaung, did 
not seem to mov^ in a solid body through tubular vesselsj but 
to be divided into minute globules, which permeated a cellulaar 
structure. c 

In general, there are several principal stems adhering to the 
same stone, and a few younger ones springing up at th«r base. 
In the situation in which I have observed them, they are never 
permitted to outlive the winter, being cut o& during that season 
by the drifted ice. They appear‘to be very common in the 
Tay above Balmerino, towards Flisk beach. It is at this latter 
place only where I have observed them in situ. Here the 
water is brackish, and its other conditions, as influenced by the 
tide, have been detailed in my paper on the “ Junction of the 
fresh water of rivers with the salt water of tlie sea,” in the Trans, 
of the Royal Soc. of Edin. vol. viii. p. 507,-513. 

This species is vivacious, the polypes bearing to be kept out 
of the water for more than a day without perishing. It is in* 
deed a littoral species, living in places left dry every tide. When 
kept in water, without being changed, the polypes soon contract 
within the denticles, and the body of the jxilype ceases to be 
visible in the stems. In some specimens, which I had neglect¬ 
ed for upwards of a fortnight, the water not having been re¬ 
newed during that time, I found aU the polypes in the denticles 
shrivelled up, and numerous white threads projecting from the 
branches. Upon examining the origin of these threads, 1 found 
that some of them proceeded from the base of the stems, but in 
general they were formed from an elongation of the foot-sjtalk of 
the denticle, its cup having disappeared. The filaments con- 
risted, as in the stalks from which they proceeded, of a soft co¬ 
vering, and a contained medullary cord. The extremities of thllise 
filaments were club-shaped; and soon assuming the form of a 
denticle, gave opening to the tentaaila of^ a polype which had 
been formed within. The base of this new dentidl^^was annu- 
lated, as in the older ones. 

In the same pools with this Sertularia, may be observed the 
T'nbularia remosa; and a Flustra which clpe»not appear to have 
been descrilied. The latter I first found to 1806 on Leith shore. 
It diftefs froeu all the other British parasmcal species, as pihm, 
dentatOy lineaia and menibranacea. The F. boMata of So- 
lander and from him copied by Stewart and '|?urton, is mere- 
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•ly the G^fpasru pmskma in its p«:^t state. This new spe¬ 
cies, which I fe«tce ,t©c^ed F. unkomis, spreads its thin crust 
ctti fuci an(( attmes.^ The c^is are contiguous, oval, with a bjunt 
conical process at the summit each. It often covers the stem 
of the older sjfecimens of this Sertul^a, Both the Sertulana 
«Bd Tubularia are nutcU infested with several species of Vortk 
cellw, among winch the beautiful V. pol^pina is preeminently 
conspicuous. A small species of Corpna has likewise presented 
•itself, whose diaracters have not as yet been sufficiently ascer¬ 
tained ^ 

The preceding description agrees in so many particulars with 
the characters which Pallas gives of his Sertularia gelatinosa, 
that I have adopted his trivial name without any suspicion. 
There is, however, one point of difference on which it is neces- 
^sary to make a few remarks. Pallas, when describing his spe- 
eJi^says (Elenchus Zoophytorura, p. 117.) of the mouth of 
the denticle, “ margine eleganter crenato,” while, in the species 
which I have described, the margin is plain and even. But, 
from the variety of aspects in which I have viewed the denticles, 

In reference to the structure of their mouth, and having used diffe¬ 
rent magnifying powers, I am satisfied that their margins are even, 
and suwSpect that Pallas has been misled by some appearances 
which likewise presented tbemsclv-es to me in the course of ob¬ 
servation. The ptjlype frequently retreats into the denticle 
only imperfectly, leaving the extremities of the tentacula visible 
above the margin, thereby giving it the appearance exhibited 
by th§ S. volubilis, in Ellis's Cor. Tab. xiv. f. A It is only 
when pricked with a needle, or left without water for a short time, 
that it retreats completely within the cell, and permits the margin 
to4je viewed distinctly ; pi-ecautions wliich, it is probable, Pallas 
did not adopt. Besides, the numerous vorticellae which occupy 
the surface and mar^s of the denticles, give to the latter in 
certain coiftiwiations a crenated appearance. 

Upon comparing the characters w hiclithis Sertularia presents, 
with the different figures in Ellis’s Cprallines, I am led to con- 

T.'ib. KXsviil fig. 3., aju representa- 

. 

1 observed two species of (’ojynae alive in the 
aea at the Isle of May, the C. hquamatat and C. ^landiclosa of Lamarck. Profcssoi^ ' 
Jataaioh found the former species in the Zetland Islands in 1798; and I have 
spedmetu which I pipked up at A^rcom in 1806. 


sider T^b, xii. f. c«(',, and 


• In the month of August 1817, 
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tions of young specimens of the same species. These figures 
were certainly never drawn from specimens of S. gunicuUMa, 
partially figuTX^d atrTab. xii., No. 19. b B, to which EHis 
himself ivas disposed to refer tl]^mi, and in which opinion he has 
been followed by I’allaR; nor from S. dk/ioto'Hia, with which 
Solander (Zof)ph. p 49 ) assimilates thcap; for the two species, 
although bel<mging to the same natural genus, are sjieeifically 
distinct tFroin hav^ljg examined this tiertularia in ’vari/ius 
stages of growth, and having seen it assume exactly the appear 
ances which Kills ileliueates, (with the exception of not having 
noticed the young polypes mthe act of issuing from the lesielch,) 
I am convinced of the propriety of adding to the S. gelati- 
nosa of Pallas, the refeiences to the figures of Ellis which 
have been quoted. 

This species forms a jiart .of the new genus Laomkdea of 
Laraouroux, in the work already quoted, with a note subjiifflCif, 
“ an hujus genciis To thi'.. question it is not very difficult to 
return a satisfactory answer. If either the Laomedea ant'tpa- 
tJies, which he first describes and figures, or the L. (Sertulana) 
spinosa, Ellis’s Cor. Tab. xi. No. 17., which he ipiotes, be con¬ 
sidered as the type of the genus, then the Sertulana gelatinosa 
does not belong to it. But it is related to this genLi.s, if these 
species and others analagcnis be ejected, and L. (Sertulana) 
d'wJtntoma and ^cniculata be retained; for with ihe^e it bait 
many points of resemblance, agreeing in the pcilunculated den¬ 
ticles, and axillary vesicles. The Sertulana muricata, which 
he has likewise a}ipended in the same genus, prc.st'iits cha¬ 
racters very distinct from all those with winch il is associated. 
I possess a new species nearly related to the latter, from Loch 
of Belfast, given to me by Mr Templeton of Orange Grawo, 
a gentleman well known as an accomplished botanist, and to 
whom the British Fauna is indebted for the Ephydatia 
gia^ Lin.) eiinalium, examples of whu‘h t have hkcKjrise obtain¬ 
ed, M'hich be found adhering to the wall of the lock of the canal 
above Li.sburn, 22d Sejitember 1810 

While some Rertnlarinc, having steins qmsisting only of a 
gingle tube, are able to support themselZe.s such as S. abictina,; 
others,, equally simple in structure, rcijuivc the support of other 
bodie.s, as the S. volubih.s; while in a third tribe, several tubular 
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sterns are united ftir mutual support, in such a manner, as to pro¬ 
duce a compound stem, equally uniform in its oullinc, and sym- 
nletrical in its arrangement, as those in whibh the stem is simple, 
-—such as S. verticillata, halcewia and, gclatinosa. But, along 
with these dirferenctes of structure, theie is no corresjxinding 
arrangement of dentidcs and vesicles, So that this cliaractcr 
which appears at first sight natural, is in reality but of subordi¬ 
nate importance. • • 

* The S. gelatmosa is not recorded as British by Berkenhout 
or Turton. It is noticed as fiuch, however, by Stewart, in his 
Elements of Natural History, p. 444, without any reference or 
authority. Pallas indeed quotes, “ Corallina confervoides, 
gelatinosa alba, geniculis cras.siusciilis, pelhicidis, Bay, Syn. 
p. 34. No. 7.,” as syiioniraous with his S. gclatinosa. Ellis con¬ 
siders the species of Hay as the S. f^pinosa. We suspect that 
Ifay referred to neither <)f these species, but to the S. getiicula- 
ta, with which his characters strikingly correspond. It is not 
probahks that so acute a naturalist would have omitted the 
distinctive characters of the species which we have been con¬ 
sidering, had it ever come under his inspection. 

As .soon as circumstances permit, it is my intention to .submit 
tlie genera and species of British Zoophytes to a critical exami¬ 
nation, for the purjiose of extricating them from the confusion 
in which they are involved, adding to their number several un- 
described species winch I possess, and preparing for the investi¬ 
gation of the extinct races .which occur in a fo.ssil state in the 
strata yf Scotland. 

Manse of Fusk, ) 

^6fh October 1819. ) 

m 
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Art. XIV.—.dn Account (f a Map of the Countries subject to 
the Krr^ of Ava, draxon hy a Slave of the King's Eldest 
Son. By Francis Hamilton, M. D. & F. II. S. & F. A. S. 
Lond. & Edin. Communicated by the Author 

X^URiNG my rc.sidcn^ in the Empire of Ava, from the 19th 
of March until the 27 th of November 1795, I jirycured from 


* This map mil be given in next Number, along with the LOtiLlusion of the 
Mcinoii. • r 
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the natives several maps of their wuntiy. These, as might fee 
expected, were very deficient in accuracy; but I found the 
people wonderfuUy^quick in comprehending the nature of dur 
maps ; and some of them, to »vhom I could render the occupa* 
tion advantageous, very soon improved their plans, and fffo- 
dueed drawings, which have tended to ^*row much light on the 
geography of what, in the 7th volume of the Universal History 
(London, *1759, 8vo,)ris called the FartheP PeninmUz ^ 

A copy of these maps, together with all the geographical infol- 
raation which I procured during *my stay, was communicated to 
the Governor-General, and used by the late Mr Dalrymple in 
constructing the map published by Captain Symes in his Ac¬ 
count of the Journey to Ava. Mr Arrowsinith, in his map of 
Asia, has followed Mr Dalrymple. In this map, the general 
outline of the sea-coast, the wuthern boundary of Chi n^ ^<jL. 
the eastern boundary of Bengal, may Ije considered as fixed with 
tolerable accuracy ; while the course of the great river to the 
capital of Ava, has been determined by the survey of Mr Wood. 
A survey by the same gentleman, fixing a considerable jxirtion 
of the Brahmaputra's course, has been introduced by Mr At- 
rowsmith in his map of Asam, and serves to tliiw much light 
on the northern extent of the Farther Pemnsula. The gene¬ 
ral outline of this region, together with the sources and 
mouths of many considerable rivers, has been thus fixed with a 
considerable degree of accuracy; while the detail of the interior 
remained to the utmost uncertain and inaccurate, as will appear 
from the account jpven in the Universal History, where every 
thing known, at the time when it was published, has been col¬ 
lected with great care and judgment. It was at one time my 
intention to have wrought up my materials on a scale larger 
Mr Dalrymple’s, and perhaps I may stilt do so; but in the 
mean time, I think it may be interesting tto publish some of the 
original maps, exactly as drawn by the natives, but * reduced to 
as small a scale as can be done consistent with exactness. To¬ 
gether with the maps, I shall add some short explanations, that 
may appear necessary to render them intdlligible to European 
men of science. l * 

Some of ®the pemms who furnished me with the maps, were 
afraid, or, to enhance their reward, pretended to be afraid, that 
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ttieir cc^uct miglit g^ve oifence to theit governors, on which 
account they rubbed out ruost of the natnes, as written in the 
j^oper character, lejsA their handwriting nfight discover them. 
I was therefore under the netessity ;Of writing the names 
in a hurried manner,* trusting alone to the ear, which is very 
fallacious; but as sevesal ol’ my tuidtorities did not judge this 
precaution neeessaiy, and as many erf their words were not rub¬ 
bed ^out with much care, I have found nnsans, by thd assistance 
df an intelligent native of Dawc’, with whom I met at Calcutta, 
to restore almost every name to its proper character; and this, 
while at Araarapura, I learned to read and write, by the assist¬ 
ance of a young man, son of the officer appointed by the king 
to supply the wants of the embassy to which I belonged. At 
one time, I formed a scheme for expressing this character by 
l^ur liters, and with the names thus written, the maps were 
first sent to Europe; but as I find that a scheme for the same 
purpose lias gone through two editions at Rome, under the title 
of Amadutii Alphabetum Barmanonm, I think it best to follow 
the scheme adopted in that work, although it is more suited to 
the Italian than to the English pronunciation. In particular, 
when this scheme writes i before a vowel, we should read y ; 
for z and zh^ we should read j and jh ; and for sc or cfe, wc 
should read sh. It must lie observed, that the natives of Ava, 
especially men of fashion, in pronouncing r, almost always sof¬ 
ten it into ; the r being seldom pnonounced, except by tlieir 
priests on some very solemn occasions. 

The map whicli I now publish, contains a general view of all 
the territory that has been in any degree subject to the Kings 
of Ava, that Ls, of nearly the whole peninsula, Asam, Malaya, 
Siari^, Cochinchina, and part of Tonquin excepted. This 
country, in fertility, in beauty, and grandeur of scenery, and in 
the variety, value, anc^ elegance of its natural productions, is 
equalled by^few on earth, and is occupied by people of great 
activity and acuteness, possessed of many qualities agreeable to 
strangers; but the want of a hereditary nobility, to give its go¬ 
vernment stability, sc^mS to have long held it in a state of anar¬ 
chy, with sudden and’crt^l revolutions from the authority of one 
short-lived dynasty and petty tyranny to another. 
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Civility was first probably introduced into the peninsula by 
the conquering arms of the kindred nation occupying China, in 
the third century before the birth of our Saviour; but unfortu¬ 
nately, except in Tonquin qpd Cochinoliina, this nation pre¬ 
served its fixiting for too short a period to givcf'a sufficient weight 
to those wise institutions and parental Ibrm of government, 
winch unite tlie Chinese under a more stable authority, and in 
some mdhsure Rupjjly the want of a hereditary nobility; al- 
tbough, even in China, the very frequent changes of dynasty, 
which naturally follow this defect, have been productive of the 
most dreadful sufferings. Still,, however, the stability artsing 
from a regular education, and from a gradual promotion through 
cstahlidied degrees of powei, recalls order along with the vigour 
of the first leaders of each new dynasty*; imd the portion of this 
education that has been communicated to Tonqum and Cochin- 
china, seems to have rendered the inhabitants of thcs5?Sfldg- 
doins more happy than the natives of the countries detailed in 
this map, where the caprice of the mob, or of tyrants, without 
any adequate check, have been long indulged in raising from 
the dust the most audacious, unprincipled, and mean adven- , 
turers. 

Before the arrival of the Chinese, the country seems to have 
been occupied by numerous rude tribes, who, like the invailers, 
were of the great Tartar race; and these, united with their conque¬ 
rors, seem to have produced the offspring, which now constitutes 
the civilized portion of the nations termed by Europeans, Ana- 
initic, Siammese, Burma, Malaya, and Pegu. The.so now oc¬ 
cupy the chief towns of the peninsula, although a very large 
proportion of the country is still held by tribes in die original 
stete of rudeness, unacquainted with literature, divinitj% law 
and medicine, and in a great measure with manufactures and 
arms, hut very industrious cultivators of the soil, and inoffen¬ 
sive in their mariners. v 

At a later period than the Chinese invasion, along witli the 
religious doctrines of the Buddhas, most of tlie civilized tribes 
received the literature of the Hindus^ such a.s it existed under 
file kings of Magadlia. On this account, in the Alphahetum 
Barmmotmm, their sacred language, a tlialect of the Sangskrita, 
fs called Magata, as well as Pali, the Litter name being that of 
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dke of the chief tribes of the Gan|ijctic empire, wliidi commu- 
n^ted its name to I’aliputra, (PaJibotra once its capi¬ 

tal^ although this tribe is now chiefly confined to Uie district of 
Dinajpur, and from its obstinat© adherence to old customs is 
reckoned impure. Of course, the people of the peninsula, al¬ 
though they have adopt’d much of the ancient language, and 
many doctrines and customs of the original Hindus, with some 
intermixture of breed *froin the intercourse*ivitli the prhjiagalors 
of these doctrines, yet being originally of a diflerent extraction, 
and adhering more violently than the Pali, not only to doctrines 
now obsolete, but to many of* their ori^nal customs, tliey arc, 
by the present occupants of Hither India, held utterly abomi¬ 
nable. The Hindu science thus introduced, liaving had the 
effect of banishing the Chinese, altlioiigh it introduced a more 
p.orfecyforni of writing, seems to be the cause why the w'estern 
states of tht' peninsula are less civilized than Coehinchina and 
Tonquin; f or although all have adopted the faith t)f the Hin¬ 
du Huddhas, vet tlie two latter states have received this doc- 
trine through Thibet and China, and still retain the literature 
and education of the last-mentioned state, while the western re¬ 
gions lla^'e received their religion and policy from Ceylon. 

At the time wlien Euiopeiui nations discovered the naviga¬ 
tion to India, the Farther Peninsula seems, as at present, by the 
natives of Hnidiistan, to h.ave been called Chin, while the Chi¬ 
nese empiie was called It I aha Cliin, or Great China; and to this 
alone Ic.v^e Pluropeans confined the name. Notliing, indeed, can 
equal iIm? confusion that arises in the study of this peninsula's geo- 
grajihy, from the variety of names given liy different people to 
the same countries and places. Those contained in the map, arc 
cnJlifely such as are used by the Ifurmas or Mranmas; but I 
sliall hereafter endeavour to explain the synonymes. In the 
mean time, I shall on]^ remark, that, even among the Mran¬ 
mas, almosf every jilace of great note has two names, one in 
the vulgar tongue, or, as Homer would have said, in the language 
of men, the otfier in the Pali Mgadha or Sangskrita, that is, in 
the language of the god^ or first colonists in India. 

The map accompany^g this, I pimoired from a man in great 
poverty, who said, that, at the time, he was a slave »f Eimshe 
Mayn, the heir-apparent of tlie kingdom, and who ixrobably had 
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been reduced to the servile state by debt, as his intelligence 
and manners denoted, a person who bad held considerable rank, 
and received a good education. Before he succeeded so 
he has done, he made several ^attempts, with less success; and 
the nature of our maps, together witli the mann&r ol' laying down 
places by bearing and dis^nce, had b«^ repeatedly explained 
to him. 

In this map, the thftu Iwundary of the empire of Ava is marked 
by interrupted lines, while the country properly belonging <» 
each subjected nation is distinguished by dotted lines. Moun¬ 
tains are represented by a straight line, like the plain on which 
they stand, while a waved line represents their summits. This 
map is chiefly useful, as showing the connection and relative 
position of the different nations occupying the peninsula; for 
the outline has many great defects. The extent from^east to 
west is much tex) great in proportion to the length from north 
to south; and the peninsulas projecting t(i the south especially, 
are very much curtailed, the Gulf of Siam and the Malaya pe¬ 
ninsula being altogether omitted. The former omission espe¬ 
cially ticcasions a most enormous distortion, making the course 
of the Cambodia river shorter than that of Siam. The coun¬ 
tries, again, to the north of the capital, are hx) much ex¬ 
tended. Little attention can, therefewe, be paid to the bearings 
and distances in this map, at least in die parts remote from the 
centre, and especially in those east from the river of Siam. 

Cities in this map arc denoted by sipares, those which have 
been the seat of empire having within a smaller square or dot, 
and those which are the seat of tributary princes having within 
a cross. I have to regret, that the person who constrilcted the 
map, was interrupted while I was writing the names in Euro¬ 
pean character, and, being afraid of detection, rubbed out his 
own writing before my operation was completed; so that seve¬ 
ral places, which might have served to fix boundaries in other 
maps, stand in this without names. 

As the towns in the central parts are in many places so near 
each other, it is impossible to insert their mames in the redu¬ 
ced form of the map ; but they may^e found by a reference 
from the naiimbers to the following list. 
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• L»t of Towns in the Country of the Kasi Shan. 

1. Main Chain. Zanda. 7. Saundut, 

2rt Matn Guae. S* Tomansie. “ Kale, 

3. Minin Daun. 6, Kasa. 9. Seven villages of Mresin. 

Towns in the Mranhia Country, North of Ava. 

]. Zabbeefanago. * Dibarosn. 11. Amrsetl. 

2. Ngurangaih. 7. Moutzhobo. 12. Madara. 

3. Kosartdi. 8.^feiomratiji. ‘ 13. TaunbioUn. 

4. Zibouttjra. 9. Badouti. 14. Zikkain. 

6. Mredu. 10. Zingu. 15. Amarapura. 

. I' * 

j Towns in the Country of the Mraninas, South of Ava. 


1. Great Pugfaan. 

13. Pugan. 

25. Mrosit. 

2. Thabee. 

14. Pouppa. 

26. Nammo. 

S. Pivnia. 

15. Kiaukzauk. 

27. Mrola. 

4. Moikkhara. 

16. PaentlaliC. 

28. Taundutengri. 

5. Taioup. 

17. Meittila. 

29. Ramisasn. 

0. Taundo. 

18. Sxkkluira. 

30. Pun. 

7. Mra.>nzain. 

19. Flnindiek. 

31. 

8. Pisenzi. , 

20. Gnauaran. 

32. Raae, or Sffibrekatto- 

9 Shue lybEennun, 

21. Paen. 

ra. 

10. Pa»r<&n, 

11. Pffinlffi. 

22. Isndo, 

33. Shuedaun. 

23. Wadi. 

34. Taunu. 


12. Gnaunoup. 24. Batta. 

Towns in the Country of the Mrelap Shan, or Shanwa. 


1. Taimbain. 

6. Rapzauk. 

15. Naunmun. 

2. Main Loan. 

9. Main Piein. 

16. Kiamkoun. 

3. Seinni. 

10. LOihkbia. 

17. Zaga, 

4. Sounzhaeh. 

11. Puefla. 

18. Ktamgan. 

5. Sibo. 

12 Gnaunrue. 

19. Mobroeh. 

6. Mam Doun. 

1.3. MoniEh. 

20. Junzaleen. 

7. Mam Gain. 

14. Sigiit. 

(To he continued.) 



Akt. XV. — Table of Proportional Logarithms to Twenty-four 
IJourSy with the method of usmg it. 


TpE following small Table of Proportional Logarithms to 
TVenty-four Hours, is peculiarly adapted to reducmg the sun’s 
right ascension or declination, and the equation of time, all given 
in the Nautical Alman&ck for noon at Greenwich, to any other 
hour on that or a different meridian. 


It will be found in practice, that this table gives the corr^ 
tions, (which «•€ jxarpetually requiredvboth at sea, and fixed 
observations,) not oidy i|ore readily, but with less chance of er¬ 
ror, than any of the tabfes for the same purpose, in Ae popular 
works on navigation. 
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Table of Proportlonul Logarithms. 

This table was printed in a Calcutta magazine in 1816, atid^ 
as far as I know, has pot appeared any^vhere else; nor have I 
been able to learn the name of* the industrious computer, who 
certainly merits the thanks of |,hc practical navigator and astro¬ 
nomer. " Vega. 

Proportionnj Lofffirithms to TzrAifp-four Hours. 

This T^ible is useful for llruling the proportional part of the 
daily vai iatlon of tlu; ^infs right ascension, and declination; and 
of the equation of time, for any hour after n<M>n The numbers 
at the top to 21, are foi“ hours , and at the side minutes or the 
first are minutes, and those at the side seconds. The top argu¬ 
ment-? are carried on to dO, as the daily variation of the ecpia- 
tion of lime exceeils tJO' oa some days m December. 

The proportional login ithins in tins Table, are fount! by sub- 
ti’acling the logarithms oi'the minutes in the stneral argilLi'^nts, 
from the logaiitlnu of the minutes in 24 hocus, m/ ti,15836. 
So that the proportional logarithm ol' 24 heeonies ™ 0. For 
tile proportional logarithms above 24, the antliinetical com¬ 
plements of the lt>ganllinis o(“ the arguments have been addt'd 
to 3.15836, winch renders it necessar', to subtract 1 iroin llie 
index of the result for everv jiropoi tioiial logarithm taken from 
this part oi‘ tlic Table. 

iitiia*' 

To the projwrtional logarithm of the daily vaiiation, add the 
projxirtional logarithm of the tune from noon; the sum is t!ie 
}>roportional logarithm of the correction foi that interval, to he 
added or subti acted accoidmg as the element employed is in¬ 
creasing or decreasing. 

When one or both the terms are small, and, con.setjuefllly, 
their pro}iortional logarithms great, it is convenient, in orderHo 
prevent the answer ialling near the hegiiming of the Table, 
where the differences are large, to take 1 or 2 frojn the index 
of the result, wduch wiil bring the answer out 10 or 100 tunes 
too great: this is readily done by the eye. 

The value of the term.s of the answer is, rcgulatixl by that of 
the arguments used ; and though on llis point, at first an oc¬ 
casional aipbiguity appears to wcur, n: is easily removed by a 
due consldcTution of the question. 



Teriths.|i 


SI S2 23 24. 25 26 27 28 29 30 


'^2 580 378 1H5 0f)()0 ‘>823 9652 9tH8 ');53() 9I7 hIi) 031 
577 375 182 9997 9820 9650 9486 9328 9176'<)0‘^>8 
85 573 371 179 9994 9817 9617 9183 9325 9173 9().^«l 

■>1 570 368 175 9991 9814 9641 <>480 9323 On'llijoki 

n? 566 365 172 9988 9811 9641 OtCH 9320 9l66'902ll 

'74 563 361 169 998,5 9808 9638 0175 9318 9166 oolo' 

_;70|^» 358 166 9982 ^i^Oi 9636 91.72 931 5 Oio.dooii,' 

‘^e- ^ t . I k } t\k^ rkc.!] I II I 


M. or S. Tenths. 




-56 516 315 153 9970 9791 9625 9162 930.5l9153'9(((»7 in 
p2 512 312 1.50 9967 9791 9622 9159 9302'915L|9004l II 

- >6 930o' 91 iffooos' 12 

(15 535 335 I11l99(t| 9785JJl»l6 9154 9297|9146 IhOOO^ “iT” 
|1J 532 3321 1 tl]995H,9r8.''96l4 9151 9291,^)1431.8997 14 

jiS ,528 329 13M>99,S "r?9 9611 9118 9292;9i 41 |8<)95 5 

|14| 525 326 !. 5 ''9.52|97 7 ?j96()H 94 16 92h9 9138'H99'> 16 

HI 522 322 !;i2,o91‘)|9?7 1 9605 911.} 928r'9136i8990' 17 

- p7 ^18^91 l29l!>9lG|977l|9603 9410 9?m |9]33l89S8' [8 

f2! 51.5|3I(, l'2 5'9.M.3 9768 9.,()0 94 ,jh 928219131*89851 "79“ 
20^511131 } 122 90,„,9;( 5 9597 91 ■:5|9279 yi2s'h9H3|' 20 

!'.,.5U'. 309 119199.57 97,52 9 i91|!M3{'9277,9I26 89H)‘ 21 

131505 3(»6 116|9<i}t 97(.0 95<'2U;);5o 927 1'9| 01,1^978 ^2 

li<) 501 io:i 11.3 99.}li»i5T,9.589 9127 '>271I912 Ji'8976 33 

|)0 198 ;!0o| 1 •''928 '1751 9586 9425 9269 9119 897,3 24 

j)2, 195 .^99,'107,992 5 9751 9 18 i 9122 9266'9 I I 6 897 11 2l~ 

}>9 I«M 29i|l,M|69.-2,9ilJ958l 9119 9264-91 I 4 8969 Z), 

|!5iyh 290 U)l|99l9;971 5,9578 9117 9261I9II I 8966 ^7 

)2|181 287 98,9916 9712 9575 9iH 92.59,OlOo'sOfJl, <>k 
r'SI]m|28i| 91,9913 9ri0 9572;94U 92 >6|9106!8961 90 

-3.178,2^.0 91 "9I0 <>v 719510, 

»^.5iH)i9ii8957 3T~ 


? VI 4 711 27 4, s 5,‘-Oi 15 97 >. 1 j9 ,u 1.' 9IO3I99 49 90<)9i89 54 
?1 16H 27 1, 82 96 )o 9728-9561 9i0] 19246 OOOo'IsoW ■ 
jiOllol' ?67; 79|9899 972.. " , 59 9398 9213I9(>9 iIk 95(')I| 
jJ7| 161 2(>11 7fi|98‘i6,972.} 9 >5(i|9 !96 92 11 1909911,1)1; I' 

I”.! n‘!| 29 l 7}'!)-9i 972(. 9,5.5.3 9.9)3 9938l9089l8945'' 
|)Oi !5I|‘25S Tn|9890,97l7 955r9.;9i( 92361908718919 I' 
p6' 1 .11 > .51 0i(988/,97I 1 0548!9.388 92 13!9084 8910 
fej 1 17, 251 61 9881 971 I ') 515I9 }8„ ;,082 8938 

)l9) 441 218 61|98H1 9708 9.512 938.3 9228 9079 89.35 

16 111 21 .J .58 9878 9706 9,5 40 {)3''0 9221) 9077 89‘13 I 

|2 Ij^ ?i2 5,5 'N7.5l9?o;} 9.,37 9177 9223 9075 8931 

H9 1.}1,2 {9 .,2 9873 O7o(, 9534 037 5 922119072 8928 

A5 131 235 48 flsoo 9697 9.532 9372 9218 00?0 8926 
'2 127 2.32 1.5 986(i 96.91 9 529 9.369 9216 9067 8924 

f 8 124 229 12 9863 9691 9,526 9367 9213 9065 8921 
» .> 121 226 39 9860 9689 9523,9364 9211 9062 8919 
4 \ ^ »5?1 9362 9208 9060 8916 I 

] 8 4 14 220 3.3 <)s 55 9683 9.5 1 8 9359 92(9, 90,57 89 J 1 1“ 

.if* •'*'* 8080,9515 9356 9203 9055^8913 | 

I, 108 213 27 9819 9677 9513 9.351 9201 9053 8910 

t 8| 101 210 24 9846 9675'95J0 9351 9198 9050 8907 
4 401 207 21 9843 9672 9507 934.9 9196 90.18 8905 
* !>609 9505 9346 9193 9045 8902 

7 3,91 201 1.^ 9837 9666 9502 9313 919'l 9043 8900 “ 

4 .} >] 197 12 9834 9663 9 499 9341 9188 9041 8K9H 

0,388 194 9 9831 9661 ,9496 9338 9186,9038 889.5 

7 .584 191 6 9828 9658 9494 9336 9183 9036 8S93 I 

3|38] 188 3 9826 96.55 9191 9.333 9181 9033 8891 

I) 378^185 0 982;>9652 9488 9.330 9178 9031 88B8 ' 
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Table (^Proportional Logarithm&, 

EXAMPLE I. 

Required the Sun’s right ascension and dcclH}ation, and die equation 
oftinu' for noon at Edinburgli, on the 13th August 1819. 

© AR.noan, (trecn. 13th 9'' 89«‘ 1‘.3 rl?<'IinatioH 14® 52'54" HejuatJon 4"’10*.9 

]4fli9 3#47.5 . . H 34 3H . . 4 30.6 


Daily var. of AR. &c. = 3 ^l).2 P. L. B039 . . 18 16 P.L. 1185 . 10.3P.L, 36? 

Difi*. longitudk!in tune, 12 47 P.L. 2736 . 2736 . . . 27| 

Correction AR. Ac. !|- 2.0 . 1.0775 y**—S'44"' -*3921 — S"'.5 . 641 

01 or 

_ 9".7 ~0«.l 

,0 AR. noon, Greenwich, 9 32 47.5 0 Dec. N. Gr. 14 34 SaO Equa. N. Gr 4 30.6 


0AR. Ac. K.BtEdin.l3th,9 32 49.5 Declination 14,34 2B.3 Equation 4 30.5 


rXAMPlF. 11. 


Bcquirei^^e corrections at Edinburgh for the same day, at 4'' 15™ P.] 


Daily var, ©'Ml. &r as above. 3™ 46*,2 P. L. 8039 18' 16" P. 1. 1185 10’.3 P.L. 36? 

(4>' 15'"4 12'“.8) - Green, time, 4'' 27">.8 P. L. 7305 7.305 730 

+ 42". 1 ... 1.5344 — 3'24" . 8490 — 1.9 .’LOO? 

9 32 47.5 QDcc.N.Gr.U 34 3b Equa. N. Gr. 4 30 6 

0 AR. at 4" 15>» P. M, Edin. 9 33 29.6 0 Dec. 14 31 14 Equation, 4 28.7 


Cmieftions, 

0 AR. noon, Giccnwich, 


Art. XVI.— On the Optical and General Properties of Taba- 
sheer. By David Buewster, LL.D. F. B. S. Lond, & Ed. 

In the First Number of this Journal, wc have already given a 
general account of the singular substance called Tabasheer, and 
of it* inferiority in refracting power to all solid and fluid sub¬ 
stances hitherto examined. Since that article was published, 
t|j 2 original paper has apj^eared in the Pliiiosopbical Transac- 
•tions for 1819, Part II.; the subject is of a popular na¬ 
ture, and easily understiJtAiJ friose who have but a moderate 
share of optical knowledg^j, have thought it right to present 
the reader with an abridged* afccount of it. 

Tabashcer readily imbibes all the volatile and fat oils, and in¬ 
deed all the flui4s that I have tried. The essential oils are 
quickly absorbed, ^and, with tlic exception of oU of cassia, are 
as quickly evaporated, while the fat oils are slowly drawn in 
and remain a long time in its pores; and in all these cases an 
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•opacity is produced by a partial absorption exactly as 4n the 
case of water. ^ 

When the imbibed fluids have a colour of their own, or are* 
tinged with any colouring matter,*the tabashee#whibits a simb- 
lar tint, so that it is easy to communicate^ to if any colour. 
From a solution of acetate of copper, it a(!<!|uires the colour of 
the emerald; from oils coloured with aachusa root, it receives 
the tints of tlie ruby; frtrn oil of beech-uut,* the colour of the 
chrysoberyl; from bu]phuiic*V;id, that of the pnik topaz; and 
from malic acid, that of the Brazilian topaz. These different 
colours may be all discharged by exposing the tabaslieer to a 
red heat, and thus expelling the absorbed fluid to which they 
owe their origin. 

The opatpie tabasheer, which retains its opacity \hen its 
pores are filled with water, ac{j[uires the most bcautifuPui^ans- 
parency from the absorption of oil of beech-nut; and it is cu¬ 
rious to observe a substance like chalk, and consisting appa¬ 
rently of a number of particles in a state of accidental aggre¬ 
gation, converted into a transparent mass, which the light freely 
penetrates in every direction. Having saturated a large piece 
of this kind of tabasheer with oil of beecli-nut, coloured with 
anchusa root, I laid it on a mass of lead of a lower temperature 
than tliat of Uie room. The oil instantly retired from the sur¬ 
face of the tabasheer into its interior, and the transparent mass 
became opaque like a ])icceof red brick. Upon removing it into its 
former temperature, the oil returned to the surface, and the ta¬ 
basheer resumed its transparency. If, on the other hamdj 
place it in a higher temperature than that of the room, a part 
of the oil will be discharged, and when it is brought back to its 
first temperature, it will become^ ^ piece of hrid:. 

Bven when a small jiarl of tbe-o^-it^uins, the transparency 
may be readily restored by tI^^,|[|)pJiBation of a sufficient de¬ 
gree of heat. The phejiomena^liifffi ba\e now been described, 
admit of a satisfactory explanation from the difference between 
the expansion of the oil and that of the tabasheer; but the ef¬ 
fect appears to be too great to arise from this cause, and I am 
rather disposed to ascribe it to a variation in -the capacity tlie 
^tabasheer ibf tlip oil by a change dt temperature. 
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111 dMer to observe the nature of the ponumbral boundary * 
which might be supposed to sepaxaJ^ the opaque from the 
*transparent part, if they could bfe both rendered visible in the 
same mass, I^' liiturated tlic hirgcst piece of tabasheer that I 
} had with the* coloured oil, and having discharged a good deal 
of it by heal, it beftftne of course opaque. I now held to the 
flame of a candle one of its extremities, which immediately be¬ 
came diaphanous,* and the transparer;rf gradually pervaded the 
opa([ue mass. A« soon as the oji^ity disappeared, I allowed 
one extremity of it to cool; the transparency immediately dis- 
appeai'cd at that part, and the oj)acity gradually advanced like 
a black cloud, till the whole was overshadowed by the retreat 
of the oil into the inlerior of the mass. In both these cases the 
penur^a, which separated the opaque and transparent por- 
lion’?f had a raggt'd or branching appearance when seen by a 
microscope, as H* the oil had l)een shooting into crystals during 
the progress of tlie opacity, and as if these crystals had been 
dissolving during its retreat. 

Upon examining the appearance of the tabasheer when it 
had the colour of rod brick, after the discharge of a portion of 
its oil, I was surprised to observe a beautiful veined structure, 
exactly like that of the agate, the veins being sometimes jiaral- 
Icl, sometimes infletited, and sometimes curved. In some spe¬ 
cimens the veins were alternately opaque and ti’anslucent, and 
in others red and white, as if one set of strata had a greater 
ca]>arily for the oil than the rest. This effect is almost uni¬ 
versal ; but as soon as the oil is completely discharged, the 
veinetl structure entirely disappears, and tlie whole mass as¬ 
sumes the homogeneous appearance of chalk. 

^ • In order to observe instances under which the chalky 

tabasheer became tranlM^^^l^tlre absorption of oils, I cut 
four plates out of the and immersed them .separate¬ 

ly in oil of cassia, alcolli^||^<dr, and oil ,of becch-nut. The 
plates that had absorbed tfe thr^e first of these fluids remained 
quite opaque, but the plate that was placed in the oil of beech 
nut gradually aci^ihed a translucency by the rapid extrication 
of air. After a tertain time it appeared to be covered with 
scratches and small opaque portions; but these*appearancesj 
which arose, fium remaining vesicles of air, vanished by degrees, 
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By the application of a microscope, I observed the air f&cttk it¬ 
self into globules in the interior of the tabasheer, which sloWly 
advanced to the edge of it, and at last escaped into die oil. 
After a lapse of nearly two hours^ tlie greatesr |»rt of the air 
was extricated, and the expulsion of the remiindef was quickly 
effected by a gentle heat; but the transparency was of that 
imperfect knid, which results from the union of two bodies df 
different refractive powex.^ By increasing the heat, the tabs*, 
sliecr became more transparciit, and at a certain temperature it 
could scarcely be st;en in the oil in which it was placed. When 
the heat was still farther augmented, it became more and more 
opaque, and a corresponding opacity was induced by cooling it 
dowm as much below the temperature of maximum transjmrcncy. 

When pure tabasheer is boiled for any length of IiYao^, or is 
brought to a red or a white heat, it suffers no change eitl»t;r in 
its colour or in its optical and physical properties: if we wrap it, 
however, in a piece of paper, OMrd set the paper on fire, the laba- 
sheer becomes either black, or brownish-black, and the blade 
colour increases in depth by the repetition of the experiment. 

If the blackened tabasheer is brought to a red heat, it is re¬ 
stored to its primitive whiteness, and resumes all its former 
properties ? but if the heat is considerably below redness, some 
specimens acijuire a slight transparency, and a dark slaty blue 
colour, shading in sonix' places into whiteness. When slightly 
wetted hi this state, it becomes chalky white; with a greeder 
portion of water it becomes black; and with a still greater 
portion if becomes again transparent. If we break a piece of 
tabasheer a few days after it has received a deep black tint, we 
shall find that it has often a fine ash-grey colour, which l)e- 
comes deeply black when wetted|i,4llid^ afterwards resumes i*^? 
primitive tint when dry. v 

With the view of discoveti^;^^’l|tVSDlackness was owing to 
any vegetable matter in the tabttfi^|^*^t repeated the operation 
of blackening it and restoring its coltito by heat about 50 times; 
but after all these operations, it became black as readily as 
at firs*. The specimen that had undergone these changes had 
increased in hardness and lustre, and had the*appearaiice of the 
■finest Indiai^ ink. Upon breaking it in two, the fracture was 
perfectly black, but assumed a dark blue colour by exposure to 
the air; and upon putting a drop qj^ pure water upon the bhte 

i * 



Dr Brewfeter on the Gemral Pr&pertm Taha&heer. JOl 
mittmUy converted into a deep and glossp 

bla4k. 

• Mr todinej who had the goodness to take the specific gra. 

vity of tabanli^er, found th%t of the opaque kind to be 2.0fi9 
' when dry, &nd when wet; and that of the transparent 

kind when diy, and 1.896 when wet. 

Mr Made found the specific gjravity of a parcel of opaque 
and transparent •tabasheer to be and Mr Cavendish, 

having tried the same parcel, found it to be 2.169. The mean 
of Mr Jardine’s results Is 2.285, which exceeds the measures of 
Macie and Cavendish, because the opaque fragments in their 
parcels must have been more numerous than the transparent 
ones, in consequence of the rarity of the latter. 

It Q^ffcars from the precctlmg results, that in Ixith kinds of 
tabf ^leer the quantity of water imbibed exceeds in weight that 
of the tabasheer itself; and that in the opaque kinds, the space 
occupied by die pores is to the space occupied by the taliasheer, 
as 2.807 to ][,; while in the transparent kinds, it is 2.5656 to 1. 
This result iudimtes a \cry remarkable degi'ee of porosity; and 
as it makes the pore more extensive in the transparent than in 
the opaque kind, contrary to what we should expect from their 
specific gravities, it seems to follow, that tlie water was not ca¬ 
pable of insinuating itself into all the pores of the opaque taba¬ 
sheer. This conclusion is rendered more probable, when we 
consider the extreme difficulty with which tlie oil of' beech-nut 
displaces the last portions of included air; and it affords a very 
pUu^ble explanation of the fact, that the chalky tabasheer can¬ 
not be rendered transparent by the absorjition eff water. 

We are now prepared by the preceding observations, for iu- 
'festigating the cause of ^ remarkable paradox exhibited by 
the transparent tabasl|[^^^j,'^^oraing perfectly opaque and 
white, by absiorbing of water, and perfectly 

transparent when that increased. As this cfiect takes 

place indiscriminately witlFall fiuids, it cannot be the result of 
any chemical action, and therefore its cause must be sought for 
in die changes which the light suffers in traversing die i acuities 
of the tabasheer. • 

Let ABC, Plate III. Fig. 7. be a prism of tlfis sub^tancev 
and ahtd one of its pores highly magiified. We kno\v^ tipit 
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4liis pore is filled with air; and that when a ray of light ‘ MH 
enters the separating siy^ace ab at e, and quits it at h, it 
suffers so little refraction, and is therefoi’e so little scattered,» 
that the tabasheer appears transparent, and allows us to see 
objects distinctly through it. This eflPect, ‘which could not 
take place in any other porous substancdi, arises from the 
small difference between tlie refractive power of air and of 
tabasheer. Bit us^ now compose that a smalt quantity of wa-' 
ter is introduced into thepjwe abed, so as not to fill it, but 
merdy to line its circumference with a film contained between 
abed and «/sy J. Then the light which was formerly scatter¬ 
ed by the slight refraction at e and h in passing from tabasheer 
into air, will now be a little less scattered at these points, 
since it passes from tabasheer into water, where the A<l[ercncc 
of refractive power is h'ss; but in passing from the film wa¬ 
ter into the air at /, and in entering the water again at g, the 
scattering of the r.iys will be very considerable, from the great 
difference in the refractive' peiwers of air and water. In passing 
through every pore, therefore, the light is refracted, and conse¬ 
quently scattered no less than four times; and hence the piece 
of tabasheer must appear to be opaque. If we now saturate it 
with water, the pore abed will be aimpletcly filled; the two 
great refractions which took place at f and g, will no longer 
exist; anti the light will .suffer only a slight refraction at e and 
h, by which it w ill be less scattered than when the tabasheer 
wasdrjr. Hence it follows, that when the tabasheer is saturated 
■with water, it ought to transmit the incident light freely, ^and 
to be more transparent than when it is quite dry,—a result 
which is jierfectly conformable to observation 

. .. • 

Art. XVII .—Account of the ^ose. In a Communi¬ 
cation from T\Ir N Ri Li, of the Caledonian Hor¬ 

ticultural Society. 

FOR a number of years past, a v'ery rampfyit climbing rose¬ 
bush has been cultivated in Scotland, under ,the name (d* the 

* • 

-- ^ 

* The rcaiici is lefcried to the oimnal paper iq the PhtiosophK.al Ti ansae Hons 
fbr moK itetiij’nl infounation ivetlmg the piopeiUts of Tdh.i&hcn. 
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Ayritoe Kose. Such is the rapidity of growth of its long slcn^, 
dcf Ishoots, that one plant has been know n to cover a gable-wall 
.twenty feet high, and a side-wall of dbuble that length, in the 
<»ourso of two'' f^sons. It hjis therefore been much in request 
^ for covering* out-kouses, and disguising offensive walls or pal¬ 
ings. It is an exc^fie species, but is nearly allied to our native 
Rosa arvensis or White Dog-rose, and has probably, indeed, 
in many cases been confounded with tj^iat species. • 

• Mr Woods, in his monograph <'' British Roses, in the 12th 
volume of tl»e Linnean Transactions, seems to unite botli toge¬ 
ther, in his account of the Rosa arvensis ; although, as will 
presently appear, the Ayrshire rose has perhajis stronger 
claims to be regarded as a separate species tlian several others 
eonrider^-J as specihcsdly distinct by tliis author, such as R. ru¬ 
bella 4nd R. surculosa. 


Dr Sims, the highly respectable editor of the Botanical Ma- 
gaiiinp, when puhhsliing in that work (Bl. 20£>4f.) a figure of 
what he calls Rosa arvensis var. observes, “It has been 
known some years in our nurseries under tlic name of the Ayr¬ 
shire Rose; but upon what grounds it has been so called, is 
difficult to say; for, upon inquiry, we are informed no rose of 
the kind could be heard of there, or in any part of Scotland."” 

That Rosa arvensis, or a slight variety of it, may have been of¬ 
ten sold in llie London nurseries in place of the genuine Ayrshire 
Rose, is nowise improbable; the former being much more ea¬ 
sily procured than the latter. But the Doctor must have been 
exceedingly unfortunate, indeed, in the inquiides made regard¬ 
ing the Ayrshire rose in Scotland; for, that species is well 
known, not only in the county of Ayr, but throughout Scotland 


vjierevcr tJierc is a respectable private garden or public nur- 

scry. . ^ 

Before giving an of tlie Ayrshire rose, 

f. •. • . .1 _ 'iMx. _... . •. 1 _ 


Before giving an origin of tlie Ayrshire rose, 

or of its introduction country, it may he proppr 

to detail its characters, in 05fo^r to establish its title to be Jfe- 


garded as a distinct species ; and it may lie useful at tlie same 
time to premise a description of the Rosa arvensis, tliat the rcadci- 


may thus have the characters of the two species brouglit into 
immediate contrast. In some gardens hi the neigliil:)ourhtxMl of^ 
JEclinburgh, both the true Ayrshire rose and the Rosa arvensia 
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^ oT the Flora BriU^oa are cuMv^e4< ||{ir 

Pavid Don (son of the late eminent Mr Don of Forf^^ ai|d a 
very promising young botanist) has, for some thne pa^ paid 
groat attention to the growth and appearance of J||io two ^leciaSy 
and has drawn up the Cdlowing enaracters eadic 

1. JRom (tn)c7isis. White JDo^-^rose. —Sureslis longissimis pro- 
oumbentibus fijliolia ovatis insequali-seia'atis subtns tantnm 
liirsu^tis; fructibus globosis pedunculisgUe nudiusculis. 

Caules decumbentea, longissimi procumbentes teretes Ifie- 

vifisinii rubescentesj acalci^arsi uncinati; foMola septena ovata ® 
in(i»{uali-sciTata, supra glaberrima, subtns aliquantmn mrstita; sti- 
puhe Integra; apice acut.c margine ciliatiip, petioli supra canaliculati 
utrinque pubescentes; pedunculi elongati nudiusculi; fructus glu- 
bosus glaber, stylis unitis antheras siibosquantibus. 

g, Horn capreolata. Ai/nhuc Rose —Surculis flagellatis procum- 
bentibusj Ibliolis ellipticis aH]ualiter serratis utAsswuegla- 
berrimis; fructibus ovatis (oollo constricto) pedun^lisque 
glandulosis. 

Caules decumbentes rainosissimi, surculi flagellati procumbentes 
aculei sparst falcati; foliola septena elliptica breve acuminata a*(j[ua- 
liter serrata utrinque glaberrima, supra nitida; rubescentes nitidi 
pruinati j stipula; apice acuminate margine mtegerrimse pilis glan- 
duliferis ciliate, petioli supra canaliculati utrinque nudi; segmenta 
calycina subsimplicia elliptica apice cuspidata, extus glandulosa 
pilosa, iutus tomentosa; pedunculi elongati glandulosis petala obcor- 
data alba; filamenta basi recHnata, apice asccndenti-hiflcxa, anthera; 
lutea?, stylis in cylindrico coalitis, stamina sub£pquantibus, stigmata 
brevIsSima barbata: Fructus ovatus (collo constricto) pilis glandu- 
liferis rans adspersis ; Sores corymbosi. 

The Eosa arvensis is common in hedges and waste grounds 
in England; but is comparatively of rare oa*urrence in Scot¬ 
land. 

The trivial name capreolata^ having allusion to its climbing 
nature, was first applied to the other species by the late Mr 
Don, who cultivated it as a distinct^ species for many years hi 
his curious botanic garden *'This is nearly allied to 

the former; but, as may be r^iS^lkld #6m comparing the cha- 
ra£lors above givep^ the two diiSer jiarticularly in tlie 

foBhwing respects. '' 

In R. capreolata, the leaflets are more shining and more elon¬ 
gated thflti ha R. arvensis. In the formtir, they are quite 
smooth oh both sides, and equally serrated at the margins? 
tjvhile, ill Ihtflatter, they are somewhat hairy on the under side, 
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imd rathef unequally serrated. In R. eapreolata die fruit is . 
ovate, furnished; with a neck, which, along with the peduncle, 
presents scattered glandular hairs, wore evident in the iwwar 
ture fruit; while the fruit of arvensis is globular, and every 
where smooth* In. R. eapreolata the petioles of the leaves are 
naked; while in R*^ven&is they arc pubescent In respect to 
general habit, it may be remai’ked, that R. eapreolata grows more 
strongly and freely than R. ar\ensis; and, what nlhy be const- 
.dered as ratlier a striking peculia.lcy, the former retains its 
leaves much longer than the* latter: In short, R. eapreolata in¬ 
clines to be an evergreen in our climate. In this respect it is 
allied to R. sempervirens, or tlie Kvergrecn Rose: But this spe¬ 
cies is readily distinguished by its more leafy stems, its leaves 
being still more glossy, with closer serratures; and its fruit and 
jieduncles being hispid. 

I may mention, that in the Royal Botanic Garden liere, both 
species have ibr some yi>ars been kept growing close by each 
other, so as to afford every facility for comparison, and that the 
excellent superintendant of the garden, Mr Wdliam Macnab, 
lias thus satisfied himself of their liemg specifically distinct. He 
coiu-iirs generally in the accuracy of the discriminative charac¬ 
ters above detailed ; and adds a remarkable character, distinc¬ 
tive of tile general habits of the two species: the trailing shoots 
of R. arvensis, at the jximts where they touch the ground, 
speedily send forth rixits in the manner of the common brumblc- 
bush; but this tendency to radication, is never observed in 
the shoots of the Ayrshire rose, of* whatev er length they may be, 
or however ffivoorably applied to tlie surface of the ground. 

I have now to offer some proof tliat R. eapreolata is rcal- 
ly^ii exotic species. I am enabled to state that it is a North 
American native; and, by ibe ^i^sistauce of Mr Walter Under¬ 
wood, the very intelligent at Eglintoii Castle, to give 

an account of its introduction wb Scotland. 

At the time when the Botanic Garden at Leith Walk, Edin¬ 
burgh, w^as originally established, (alwut 1767), the late Dr 
John Hope, Professor of Botany, and some wellwishcrs to 
tlie garden and tg botanical science, united in sending out 
a person to North America, with the view of ks tollccling. 
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' the ficeds of 4]iew> ourious or tjsdiii plants. Of tite trans¬ 
atlantic rarities sent home by this collector, no register 
seems to have been made; and both he and his patrons have 
thus in a great measure lost the credit that was due to them 
for their zeal. The late John, Earl of Eoudan, was a sub-' 
scriber towards this botanical speculation^ and in return, he 
received, in 1768 or 1769, a sliare of a parcel of seeds sent 
cither fronf Lower Canada or Nova Scotia. Among these 
were some bnar heps;Nrhich being sown in the garden at* 
Loudon Castle, produced a number of rose-bushes. These, 
in a year or two, attracted much notice by the great length to 
which they pushed their shoots. 'J'he present Mr George 
Douglas of Kodinghcad (factor upon the Duke of Portland’s 
estates in Ayrshire) resided at Loudon Castle at tlift-t^period ; 
and he perfectly recollects the sowing of the American heps, 
and the wide rambling rose-plants >\hich sprung from them. Se¬ 
veral of the neighbouring proprietors in Ayrshire got plants of 
the new rose for their gardens. Among others, the late Mr 
Dalrymplc of Orangcfield received a plant from Mr Douglas; 
and he having trained it against the garden-wall, it ran ama¬ 
zingly,” (as Mr Underwood cxpre&.scs it), die rapidity of it.s 
growtli, and length of the shoots, surprising every body. The 
nurserymen of Kilmarnock and Ayr having procured cuttings 
and layers from tliis plant, bt'stowed on it the name of the 
Orangcfield Rose; in places at a distance, ho^vever, it soon came 
to be known by the m<n'e general title ol‘ the Aijrsftirc Rose. 
The original Orangeihld specimen was in t\istcnee little more 
than twenty years ago, but the garden having, about that time, 
come into the imsession of a tenant, who jirefcrred cumuit 
bushes to ranipaul roses, it was grubbed up and dcstroyq,d. 
Several of the original plants, however, still remain at lioiidon 
Casde, some trained against the walls of die factor’s bouse, and 
others in old Iiedges on the farm of Alton, near Loudon. ]\li- 
Douglas has likewise some of the ouginal plants growing in 
hedges^ and against walls, on bis own property ol* llodingbcad. 

It mu.Ht be admitted to be somewliat singular, th.at no rose 
a|ij>roa<'hiBg iu character to K. ciqurolala should be tlcseribed 
writers o» the jilants of North Aiuoriea, esjH.'eially by Pursh 
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-in his late Flora of that eonntry. StiU, it is pcifectly posablte 
that it may have been overlooked. 

Whether this species be known on the Continont of Europe, 
docs not clearly appear It mfy be noticed, howevei, that the 
Rovi probtrataiof the last edition ol‘ the I'^Jore Prani^aisc, is de- 
cribed as distin^isljed by its “ sinning perbibtent lta\e8,’’ 
(hai actors quite applicable to the A}rblnre Hose 
Canonmills, } • * 

• IM Aon. 1819. I 


AiiT. XVIII .—On the Depth mid Tcmpiiature of the Lake of 
Geneva. By Mr H. T. Dl la Blciii Commuiucated by 
IVoiessoi Pi( 1 L 1 With a Map. 

I HAVL the honour of coinnniniidtingto >ou somcoliscn.itions 
on th( d<ptli and temptratun ol the L.ikc of Geneva, which 
tilt goodness of the season has pciinittcd me to nuke. 

The atconipanjing map (Plato II) points out the places 
vihtre I soiindt‘d, and the coiitsponding depths Those depths 
ait* gualeston tlie coast of Savoy, till opposite Lausanne, wbCTC 
the lal<t' lieconies deepest on the side of the Canton de Vaud. 

The places whore tlie banks descend iiiost rapidly, arc the 
]X)int of Tlranees, Meillene, St Gnigoulph, the Cablle of ( hii- 
lon, and \e\ay In several places, the gieatcst deqjths occur 
about 50 fatlioms from the shore, paiticularly at bt Gingoulph 
and Vevay, where the bottom again rises. 

The soundings were taken with twocylindiical masses of lead, 
one of which weighed 10 lb and the other 8 lb The weight of 
811?. was sufficient for the greatest depths, and was able to re- 
sat every cuiient 

These currents dgl not frequently occur, and tlion- whkh I 
*did observe, h.id little velocity, excepting in the sounding of 80 
fathoms, opposite the Point of Dranecs, where no sensible (urrent 


* The obReivatlons in .this paper were addressed by then authoi to Piofe vor 
Pictct, for the Bibbothe^pta Untu,r8elli We have abi.djjtd tlie le- 

inailr^ —Fn 
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ww percei)^ At line surface. At the depth of 15 ihtthoms, a 
current carried the thermometer to the west; and when I 
had let out 10 fathoms more of cord, I perceived that another 
current carried it almost as rapidly to the east None of these, 
however, lasted long, for, on letting out 12 fathoms mure, the 
tliermometer ceaised to be influenced by an^ current. The boat¬ 
men informed me, that these currents w&^ very irregular, and 
had all soi of directions. • 

The self-rc^btering thermometer which I used, was similas 
to those employed on the late Awtic Expedition. About 2 lb. 
of lead was always added for great depths, in order to make it 
descend vertically. 

In observing the soundings, I at first allowed the lead to 
descend, and having raised it, I made it redescend two or three 
times, in older to ascertain that I had reached tlie bottom. 
The thermometer was then substituted in place of the lead; and 
after being attached to the sounding hne, I sunk it to within 
half a fathom of the bottom iii deep Avater, and a quarter of a 
fathom in smallci depths,—a piecaution which was necessary, in 
order to prcA ent it from sinking against the ground. 


TABLE of the Depths and Tempciatures of the Lake of Gs- 
i^EVAy in the diffirent places indicated on the Map (Plate II.) 
which accon^anies this paper. 
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tjijs Tiiible» it appear?, that at the depth of from 40 fc0 
70 fath(;n]is> the temperature is 44® Fahf., with the exception of 
the near Quehy, where it is 45®; that the temjperatiue 

from;^ fath(^)ilt|» to the greatest depth, is invariably 4S|; and 
that In the first 40 fathmns from the surface, the t^mpemture 
varies occmding to circumstances, but always in such a way as to 
shew that the cdld bcreases jivith the deptli. 













110 Account of the ccJehraied Slide of Alfmach. 

It deserves to be noticed, lliat neither the tbermomoterj which’ 
was encircled \tith polished bt-ass, nor the lead, could be per¬ 
ceived at greater dcptlis than from 3.^ to 4 fathoms, though the 
water had tlie most perfect transparency. 

Along with the map, I have given f#tr iectioiSs of the Lake, 
in which the scale of depths is the same iti'tbat of the horizontal 
distances. ‘ 


Abt. XIX.— Account of the celebrated SMdc of AlpntieK^ catC- 
xtructed on Mmtnt Pilatvx htj Jlur?, Engineer'*. Com- 
Tnunicated by Proh-^sor Pictet. 

N our first Number, p, 193, wo had txicasion to give a brief 
notice of the celelmaled slide of Alpnach, constructed ujwn 
Mount Pilatiis, in the Canton of Underwald, by Mr John 
Hup}) of Reutingen in Suabia; and wc have } 7 articular pleasure 
in bem£r abk* to recall the attention of our readers to a work no 
less interesting, from its stupendous magnitude, than from the 
talents and }K‘rseverance which have been exhibited in its con¬ 
struction. 

For many centuries, the rugged flanks and the dee}i gorges 
of IVIount l*ilatu.s were covered with im}x:netrable forests, I^ofty 
preci})ices emircled tliein on all sides. Even the daring hunters 
were scarcely able to reach them, and the inhabitants of tlu* 
valley had never conceived the idea of disturbing them with 
the axe. These mnneiise forests were therefore permitted to 
grow and to peiisli, witiiont being of the least utility to man, 
till a foreigner, conducted into their wild recesses in the pursuit 
of the cluintois, was sliuck with wonder at the sight, and direct¬ 
ed the attention of he\eral Swiss gentlemen to the extent 
superiority of the timber. The ih£)st intelligent and skilful in¬ 
dividuals, however, coubiderotl it quite impracticable to avail 
tlieinselvc.s of such inaccessfole stores. It was Hot till 
181C that M. Rupp and three Swiss gentlemen, entertmnuig 
more sanguine hofies, drew up a plan of a slide, founded on 
trigohouietrical measurements. Having put-chased a cettofe ex¬ 
tent uf tlie forc.sts from the commune of* Alpn^eh for 60,00 

-^— -- ^ 

* Thiq aitfcteis di.iwn up fioin a niauusciipt traat>latioii of n pnpet m Gil¬ 
bert’s ISID, Cabler 5, made for i!it Bibliatheyue DnivciaeKc.—E d. 
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tnowna, they began tlic cpnsli'uctitai of the Srlido, and completed 
it in the spring of 1818 

The slide of Alpnach is formed entirely of about ^5,00(1 
large pine trees, deprived of tlniir bark, and united together in 
a very ingenious manner, without tlie aid (if iron. It occupied 
about 160 workmen •during eighteen months, and cost nearly 
100,000 francs, or 4S^0. It is about 3 leagues, or 44,000 
Englisli feet long, and teminatcb in the I^iike of Liu c/no, It has 
tile form of a trough, alxiut 6 feet broad, and I’rom 8 to 6 feet 
deep. Its bottom is formed bf three trees, llie middle one of 
which has a groove <‘ut out, in the direi-tion of its length, for re¬ 
ceiving small rills of water, which are conducted into it from 
various places, for the purjxiseof diminishing the friction. The 
whole of the slide is sustained by about 2000 supports, and in 
many places it is attached, in a very ingenious rn.inncT, to the 
nigged precipices of granite. § 

The direction of the slide is sometimes straight, and sometimes 
vig-zag, with an inclination of from lO® to 18°. It is often car¬ 
ried along the sides of hills and the flanks of preci}ntous rocks, 
and sometimes passes over their summits. Occasionally it goes 
under ground, and at other times it is conducted over the deep 
gorges by scaffoldings 120 feet m height. 

The boldness which characterises this work; the sagacity dis^ 
played lu all its arrangements, and tlie skill of the irngineer, 
have excited tlie wonder of every person who has seen it. Be¬ 
fore any step could be t.aken in its erection, it was necessary to 
cut several thousand trees to obtain a passage through the im- 
jieuetrahle thickets; and as the workmen advanced, men were 
posted at certain distances in order to point out tlie road for 
their return, and to discover, in the gorges, the places where the 
piles off wood had been estabthihed. M. Rupp w as himself obliged, 
rnkme^than once, to be suspended by cords, in order to descend pre- 
cipieea many hundi*cd feet high; and in the first months of the 
undertaking ho was attacked wuth a violent fevtT, which depriv¬ 
ed hmof the power of superintending his workmen. Nothing, 
however, could diminish his invincible perseverance. was 

carried d<ty to the mountain in a barrow, to direct the la- 
—.. 1 .' _ '. ....•- 

* These iljlniftt be erronewis, as Mi Pl,ijf.iir ♦br tjlide in opcuiium in 
Idl6.~KD. 
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bout's of the workmen, which was absolutely necesMffy, as 
had scarcely two good carpenters among them all, the rest 
hanng been hired by accident, without ahy of the knowledge 
which such an undertaking rwjuired. M. Rupp had also to 
contend against the prejudices of the peasantryjs He was sup¬ 
posed lo have communion with the derii. He was charged 
with heresy’, and every obstacle was thrown in the way of an 
enterprise,^ which thejr regarded as absurtk and impraCtioabhsf, 
All these difficulties, however, were surmounted, and ho hod At 
last the satisfaction of observing thfe tret"» descend from the moun¬ 
tain with the rapidity of lightning. The larger pines, whiclx were 
about 100 feet long, and ten inches thick at tlieir smaller exlix?- 
mity, ran through the space of three Ica^tea^ or nearly nine 
in two minutes and a half, and during their descent, they ap¬ 
peared to be only a few feet in length. The arrangements ibr 
this part of the operation were* extremely simple. From the 
lower end of the slide to the ujiper end, where the trees wc*re 
introduced, workmen were |K)ste<l at regular distances, and as 
soon as every thing was ready, the workman at tlie lower epd of 
the slide cried out to the one above him “ Lachezf (Lot go.) The 
cry was repeated from one to another, and reached the top of 
the slide in three minutes. The workmen at tlie top of the slide 
then cried out to the one below him ‘‘ II vientf (It comes,) and 
the tree was iuslaiitly launched down the slide, preceded by 
the cry which was repeated from post to post. As soon as the 
tree had reached the bottom, and plunged into the lake, tlie 
cry of IjUthez was repeated as liefbre, and a new tree was 
launched in a similar manner. By these means a tree descended 
every five or six minutes, provided no accident happened to the 
slide, which sometimes took place, but which was insfontlji^re¬ 
paired when it did. ^ 

In order to shew the enormous force which the trees anq^uir. 
ed from the great velocity of their descent, M. Rupp made ar¬ 
rangements for causing some of the trees to spring from the 
slide. They penetrated by their thickest extremities no less than 
from eighteen to twenty-four feet into the earth, and one of the 
trees having by accident struck against the other, it inti^taiitly 
tleft it tiflough its whole length, as if it had been sfet^kby 
lightning. 2 
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After the trees had descended the slide, they were collected 
into rafts upon the lake, and conducted to Lucerne. Front 
tlience they descended the Reuss, then the Aar to near Brugg, 
afterwards to Waldshut by the Rhine, then to Basle, and even 
to the sea whwi it was necessary. 

In order that noi¥>of the small wood might be lost, M. Rupp 
establislied in the fcaest large manufactories of chartoal. He 
erected magazines* for preserving it Wien nianuftictured, and 
• had made an-angements for the construction of barrels for the 
))urpose of carrying it to the market. In winter, when the 
sJide was covered with snow, the barrels were made to descend 
on a kind of sledges. The wood which was not fit for being 
carlionised, w'as heaped up and burnt, and the ashes packed up 
and earned away during the winter.' 

A few days before the auUior of the preceding account visit¬ 
ed the slide, an Inspector of the Navy had come lor the pur- 
jiose of examining the quality of the limber. He declared that 
he had never seen any Umber that was so strong, so fine, and 
of such a size, and he concluded an advantageous bargain for 
1000 trees. 

Such is a brief account of a work undertaken and executed 
by a single individual, and which has excited a very high de¬ 
gree of interest in every part of Europe. IVe regret to add, 
that this magnificent structure no longer exists, and that scarce¬ 
ly a trace of it is to be seen upon the flanks of Mount Filatus. 
Political circumstances having taken away the principal source of 
the demand for timber, and no other market having been found, 
the operation of cutUng and transporting the trees necessarily 
ceased. The money, we understand, which was paid for the Fo¬ 
res^, has been employed in building at Alpnach a clmrch, in 
every respect disproportioped to the population and resources 
of the village ■ H ' 


• Mr Playfair’s very interesting paper upon the Slide of Alpnach, «-iIl appeal' 
in the IXth Vol. of the Edinbuigh Tiansactions, now in the press. 
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Aut. XX — -On ceriahi Optical' Phenomena exhibited by 

Mothcr-of- Pea?'If depending on its internal structure. 

JJy J. F. W. lIjbascHF,]., K.s^^. F. R. S. &c. Comumuicated 

6v the Author. 

Xn repeating the experiments of Dr Brewster on raotlier-of- 
jpearl, tles«ril)e(3 in ,the Philosophical Tramactions for 1814, 
Part II, I observed some new plienomeiia exhibited by that 
singular body in ith action on transmitted hght, depending on 
the internal anangeinc'ut of its uiolccides, and at the same time 
connected vvilli a peculiarly in its supeidicial appearance under 
the microscope, which seems to have eluded his notice. When 
a plate of inothci-of-pcarl, cut parallel to the natural surface of 
the shell, is reduced by grinding to a thickness between ,\,th and 
y^jjth of an inch, and highly jxilished on both sides, (in which 
circumstances it is very transparent); if a distant candle he 
viewed through it, besides the pair of coloured images describ¬ 
ed by Dr Brewster, which have the sam^ origin with those seen 
by reflection, thei-e may be observed two large very brilliant and 
highly coloured nebulous masses, one on each side of the candle, 
and equidistant from it, which may readily be distinguished 
from the preceding by the following characters. 

The first pair of coloured images, originating in the transfe¬ 
rable superficial structure of the pearl, are always similar in po- 
rition and colour, and conqilcmentary in brightness, to those 
seen by extraordinary reflection. In consequence, nothing can 
be more capriciously irregular than their situation, brightness, 
and distance from the centre. On passing various parts of the 
plate, with a parallel motion, between the pupil of the eye and the 
candle, they will be seen to shift their direction, expand, contract 
or disappear altogether, with every change in the point examined. 
This is not the case with the pair of nebulous masses now un¬ 
der consideration, which undergo little or no variation in any of 
these particulars, through whatever portion of the plate they 
are viewed. The axis of nebulous dispersiqn then, (or line join¬ 
ing the two nebulae,) is parallel to itself, or nearly so, through¬ 
out the whole extent of the mother-of-pearl, and the energy*of 
the cause producing it nearly or perfectly uniform. 
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These uebuloiis masses are usualJy about twice the distance 
of the coloured images, described by Dr Ih’cwstcr, from the 
centre; and, except the })late be very tiim, are much larger 
and more conspicuous, and paaticularly distinguished from them 
by the equabie gradation and softening of their colours, which 
arc those of the prismatic spectrum, the red being outermost. 
Their angle of deviation, or distance from the central image, 
increases on inclining tlie plate in iIk* plane passing tlirough 
»them, while their brightness rapidly diminishes, the former be¬ 
ing a minimum, and the lattter a maximum^ at a perpendicular 
incideiue. Tins angle, as well as tlic sliape and colour of the 
m'buhe, is the same, or neitrly so, in all the specimens 1 have 
examined; nor does any marked ^ariation in these jiarticulars 
aiise by a variation in the thickness of the plate, or by cutting 
it at any moderate angle with the natural surface; only, hi the 
latter cnse^ the ma.thinun of their iati unity^ and minimum (f 
diftlauce, tulin place at niirh an ajigh if incidence, that the or~ 
dinaiy ray iravirscs the nuljAtnnce in a direction perpendicular 
to the natural surface of the nJuil, winch is also the direction 
of its greatest traiitiparcncy. The minimum angle of deviation 
in the nebulous images appears, by the best measures I have 
been able to procure *, to be 

For tlie extreme red, about > - 10'’ 29' 

h’or the mean rays, - - - C 59 

For tlie extreme violet, - - - 4 16 

The extraordinary images seen by reflection, and their com¬ 
plementary pail’ by transmission, are completely obliterated by 
surrounding the mother-of-pearl with oil, or varnishing its sur- 
laccs. This, however, is so liu* from impairing the nebulous 
ntlissos, that it hoigliteiis tliein a little, by perfecting the polish ; 
and should any doubt arise as to the identity of either pair, 
(which will sometimes happen), it may thus be immediately re¬ 
moved. From all these circumstances, compared willi what Dr 
Brewster has demonstrated respecting the former pair of images, 
wx‘ might reasonably conclude that the latter aic entirely un- 


, • By passing a sim-bcam, of on nicl> in diamelcr, thiough a ihin 
and measuring the midges projected on a sciecn. * « 
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vMtli any peculuinty in the svipcHicial structure, and 
1 scarcely expected tlie application of the microscope to affoid 
faithcr jnloruiation, or lead U> any i'usult wortli notice. My 
surprise, therefore, was extreme' when, on examining every po¬ 
lished specimen of niother-ot-pearl in my jxisiession with a 
|Kiwerfu] doulile micfoscojie, I found that this extraordinary 
btxly, in addition to the irregular gi-ooved superftcial structure, 
so beautifuliy described by the above-mentioned philosojiher, 
possesses (at least to all appearance) another, of great regulari-* 
ly aiul dehcaev ; hut, ld\e the 1‘oriuer, resisting every attempt to 
impair il by jiolishing the smface. It may he seen to most ad¬ 
vantage on a tliiii ])()Iished s})ecimen, in which the first set of 
undidatioixs \ary a good deal m direction and coarseness. AVhen 
"we Mcnc such a plate siieees.si\ely with a scries of increasing 
niagndieis, under a doidile microscope, a pow'er of ISlJ will 
baiely shme, ami one o(‘ 5220 completely verify, the appearance 
of a minute svstem of rounded undulations, consisting, as it 
were, <i{‘ fibres oecaiuaially branching from each other, hut 
iievi'r continued I'or any length. They are uniformly (hlluscd 
over the vvlude sui-i’ace, anti, ui their general direction, disposed 
in strait aud exactly jiarallcl huts, running from one end to the 
Ollier, (Sec Plate III. Fig 1.) In consequeiico they cross tlie first 
Set of groove'' at all angles, giving tlie whole surface inucli the 
a}ij>eai’aiiee of .i piece of* UMllcd silk, or the larger w aves v)f the 
sea intersected with imuuter ripplings. Fig. 2. is an imperl’ect 
attonvpi to rc']ni’s<'nt tins ajipeaiance. 

The inteiv.il between these undulated appearances is nearly 
the same in all the sjK'Cimens I have examined. To ascertain 
It, twenty-live were counted m the space of an inch, in an image 
jirojected on a plane 10 inebes from the eye, while tlie diameter 
of a small wu e, ]>rojc'ctod on the same plane wiU) the same 
]K)wer, measui'eci 7 inches. I’he diameter of this wire, taken by 

in in 

the spha'iomeler, bemg 0 0227, gives 0.000129, or ^^^outh of 
ml ineli foi' their mutual distance. To see them distinctly, a care¬ 
ful m ina'-emeiit of the illuimnation from •below is necessary, 
and candle-light must be used. 

'fo dennfnstr.ite the comiection of these undulations, (which, 
v.hctlier real oi only ajipareiit, I shall for’hrcvity, cgU the se- 

% 
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oond set of grooves, denoting those obser\ ed by Dr Brewster 
by the first set), with the nebulous masses above described, I 
chose a plate in which the first set varied from the extreme of 
coarseness to that of delicacy, and were particularly irregular in 
their direction and cuifvature. In this I carefully markec’, by 
small itrk citcles, several spots, numbered 1, 9, 3, 4, 5, b, 7, 
which were then sul^ii^tpd to microscopic cxaminatioii. 

At No. I and % ¥he two sets of grooves coincided in direction. 

At No. S, They*made an^angle rather more than 45° by the 
eye. 

At No. 4, No grooves of the first set could lie seen, but a 
power of 229 shewed some obst'ure and very irregular traces 
of coarse elevations and depressions. With this powei*, how¬ 
ever, the second set w'ere se<;n precisely as in every fither part 
of the surface, and in the same uniform direction. 

At No. 5, The first set, as they approached this point, grew 
smaller and smaller, requiring powers of 2G. 34.13. 123. in suc¬ 
cession, to perceive them. With this latter ]x»wer the sc*cond 
set just became visible; while with 229, both set*' were seen 
crossing each other at right angles, with the most perfect regu¬ 
larity and distinctness, the former being about twice the breadth 
of the latter. 

At No. 6, The direction of the first sec vai-icd a giKwl deal, 
crossing the second from 45“ to 00°. 

At No. 7, They crossed at a small angle 

i now detached the mother-of-pcarl, and by jiasslng a small 
sun-bcain successively through each of the marked spots, and 
noticing the relative situations of the two pairs of coloured 
images, it appeared that 

*At No. 1 and 2, The axes of dispersion in the first and socontl 
pair of Coloured images were coincident. 

At No. 3, They made an angle of 45° with each other 

At No. 4, There were no coloured images of tlic first 2 >air 
whatever, while those of the second pair had jireciscl}' the sanu* 
appearance and direction as in the other parts of the plate. 

At No. 5, The axes of dispersion formed a right angle, the 
linages of the first pair being very vivid, and sejigranxl by an 
unusually large interval. 
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At No. 6, Tlie axes of dlspersi^ formed an anglq of 60®. ' 

At No. 7, They were 17“ inclined to eafch other. 

In general, in diflcrenc spejtaniens I cotdd always predict, a 
priori, the situation of the nebulous masses of tlj.e Second pair, 
by observing v ith the microscope the dir^tjoii of the seCond set 
of grooves, to which they are invariably at right angles ; and the 
connection' beUvecn thy two phenomena Is tJiiis clearly demon¬ 
strated. Yet this connection is not, as in the case of the re¬ 
flected colours, tliat of cause ajid ftflect. The nehulous masses, 
as we have st^en, subsist when the grooves (if any) are obliterat¬ 
ed by immersion in a fluid of equal refractive density. It is, 
therefore, in the mternal structure of the pearl, ffiat ztr mutd 
look for the common cceme c^' both appearances. When wc ex¬ 
amine a thin plate of this substance by polai Ised light, the phe¬ 
nomena of a crystal with two axes of double refraction are ob- 
.served * ; the isochromatic lines being perfectly regular, and si¬ 
milarly disposed in all part.s of tlie surface, and the colours, 
though not vivid and somewhat hazy, yet following ill their 
proper order, and extending sometimes to 6, 7, or 8 repetitions 
of the same colour from either pole -f*. If, now, we notice the 
atuation of the axes of no double refraction, with respect to 
what has ab«)ve been called the axis of nebulous dispersion, wc 
shall flud, that the latter is in all cdses at right angles to the platie 
in lehich the former lie, or to the optic meridian of the crystal. 

Tlivl \i f 1^ If 10 rvirkCio/fC* /^Ti ... nil ..11'f'.. 1 ... .1 


• The Sjstemfa of rings and the two axes of double refractioti, <were discovered 
by Dr Brewiici, .mil tins is the only example of their occurrence in substances of 
animal and 1 cgctablc origin, excepting in the case of sjiermaceth where he also 
found them. See PfiU Tram. 1814 p. S17,, and 1818 p. 330.— Ko. 

+ Owing to the flexibility of inothei-of-pcarl, it is impossible to procure polish¬ 
ed plates of any regular thickness, v<hcn below the 80th or lOOth of an inch, which 
is the thic'knesb most conteiiicnt for thost experiments. ^Hence it is itidlsiiensably 
ncccssai} lo examine but a very minute portion of the plate at a time (as ji^th of an 

inch),and to p<ws in succession ovei vaiiuus parts of its surface ; otherwise the sys¬ 
tems of rings, corresponding to the different thicknesses at once under exainuia- 
tioii, interfere with, and confuse oue another, and might lead us to apprehend 
aoinc eon .dciii^lc nic piiai'tj of 11 \"t!vMi.ati(), uhcrc none uimtcvti exi ts. 
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parallel to each other, and in lines nearly straight along ilte 
whole surface, and the alternate ones at least must be regular 
crystals, having their optic meridians parallel to their own 
planes, and their optic axis‘{by which I ntcan the axis of 
symmetry in dieir spheroid of double refraction) perpendicular 
to the natural surfacb* The intermediate lamina*, if composed 
of the same substance, must have their axes inclmed^to those of 
the former at some determinate angle,'depending probably on 
*no very remote laws of crystallography. The grtKived appear¬ 
ance above described, may possibly arise from an actual diffe¬ 
rence in the resistance of these two sets of laminae to the action 
of the polishing particles, and therefore consist in a real diffe¬ 
rence of level; but this I much doubt, from the tiinple fact, 
that T have never been able to transfer their impression to other 
transparent bodies, such as melted rosin, shol-lac, lialsani of 
Tolu, &c. though in all eases the first set of grooves, however 
fine, has been transferred with the utmost iSdclity, and the 
770()th |mrt of an inch, though a very minute quantity to oUr 
senses, ap]x*ar« to me enorniousli’^ too wide to o]jp>sc the free 
introduction of a fluid under such circumstances. It is more 
probable, that the appearance is a mere optical illusion, though 
a most c(»niplete one, arising from the difference of action of the 
contiguous surfaces on the light transmitted from below. 

The regularity of structure here supposed, is not at all in¬ 
compatible with the irregular arj arbitrary disposition of the 
grooves described by Dr Brei^sler. These arc the intersections 
of the plain artificial surface with the thin coats deposited in 
successdoQ by the living animal, which, though Imd symmetrically 
on eac^i otlier, like the lamime of^mica, have yet a slight de¬ 
g/be of irregular curvature, and a small and varying inclination 
to the ][)ohshed face. Their form and breadth is regulated by 
this curvature and inclination, like the level lines traccxl by a 
receding tide on a slightly inclined sea-be.ach, or tlio.sc on the 
Surface of a wooden board, where its concentric layers rise in 
succession at different angles to the .surface. Indeed, the face of 
an ordinary deal plank, cut at some distance f rom the centre of the 
tree, however coarse the smulc may appear, when smoothed by 
leaning, and afterwp,rds subjected to the friction of i-ough particles,* 
as in a floor, is a lively andjfaithful representation of the surfaa* 
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of a polished plate of mother-of-pearl, in which the edges of the 
lamina?, reduced to the utmost tenuity, by the eff'ect of their in¬ 
clination to the general surface, are torn up in their direction of 
least resistance, by the action of^ the polishing particles. This 
is rendered perfectly evident by the microscopic examination of 
the surface, in different stages of its progress from the rough 
grinding to the most jx^rfect polish, when the grooves, from an 
irregular, jagged, and deeply indented outline, will be seen to 
assume a greater and greater neatness of ttymination, till tlieir' 
curvature acquires tliat graceful hnd flowing character which 
ultimately distingiiislies them. See Figs 3. 4. 2. 

I must here take an opportunity to remark, that Dr Brew¬ 
ster’s conclusion, as to the existence of a second reflecting force 
below that which produces the ordinary image, does not appear 
to me to rest on sufficient evidence. Were it indeed true, that 
tlie whole face of a polished plate of mother-of-pearl consl-sts of* 
elevations and (U'prcssions, w^ith little or no intermediate plane 
surface, his conclusion would be irresistible; but, in all the mi¬ 
croscopic observations I have had wcasion to make, such has 
not appeared to me the case; the flat interval between two 
grooves bearing always a sensible proportion to that curvilinear 
depression w^hich constitutes the gnMive itself, and affording a 
surface whose section may be represented by something like 
Fig 5 , wffiere the portions a A, a 6, arc true planes on which 
the ordinary refla?tion may take place; and as each groove 
bears a very small proportion in breadth to the diameter of the 
pupil of the eye, the efl*ect of the intervals be a, he a, is merely 
to abstract a certain uniform portion of light from regular re¬ 
flection, and disperse it according to tlieir own peculiar consti¬ 
tution and figure. This disposition is very distinctly visible tin 
the impression of the surface taken on rosin, though less so in 
the pearl itself (unless in the fir.st stages of its polishing), from 
the dispersion of the light in its interior, whicli renders micro¬ 
scopic observations on it jiccuharly liable to illusion; while in 
the impression on rosin, each groove is seen with admirable dis¬ 
tinctness, and its shape and the inclination df its sides may lie 
clearly traced. 


I Besides tHe two nebulous masses alxne dosciilKxl, which lie 
paralK?! to the optic meridian of tlic pearl, two others^ very 
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fdint, but exactly similar in character and colour, may be seen 
in dun pieces. They lie at right, angles to the former, and 
at the same distance from the centre. It is evident, that nei¬ 
ther these, nor the two principal nebulous images, arc to be 
confounded with any of “ the four images” which Dr Brewster 
describes as “ seen ‘by transmission in irregular pieces, which 
have the axes of extraordinary reflection of their two surfaces 
not coincident.” J’ig. 6. is a representation of the whole system 
• of images, as seen jn a good specimen. 

Slough, July 12. 1819* 


XXI .—Account of Micrcmctcrs for mxcmiring Distances*. 
By the late James Watt, Esq. LE. D. F. R. S. Lond. and 
Edin. Memk'r of the National Institute of France, and of 
the Batavian Society of Rotterdam. 

One of the instruments which I j)ropose to describe in this 
])aj>er, was contrived about the year 1770 or 1771. I know I 
used It m the surveys of the Crinan and Gilp and the Tarbert 
intendt;d canals, and also in the survey of the canal from Inver¬ 
ness to Fort William, now called the Caledonian Canal. The 
former survey was m 1772, and the latter in 1773, and it was 
in 1772 that I showed it to Mr Smeaton. 

The instrument 1 used was a telescope, with an object-glass 
of t’vclve inches, and an eye-glass of one and a half inch focus, 
amsequently magnifying eight times. In the focus of the eye- 
glas.s there w'erc placed two horizontal hairs, see Plate III. Fig. 8. 
and one perpendicular hair. The horizontal hairs were about 
ooe-tenth of an inch distant from each other, and as strictly pa¬ 
rallel to each other, and at right angles to the perpendicular 
hair, as I could make them. A rod being placed upright at 
twenty chains di stant, or any otlier convenient distance, on Ifv 

• This and other jinpers were, about four years ago, communicated by their 
distinguished author U> Dr Brewster, with permission to give them to the 
public m any way that he thought proper. We shall publish them exactly as 
fliey were communicated by Mr Watt; and we have no doubt that, independent of 
their value, as the productions of one who Ims written so little, and invented Bo 
much, they will lie held in still holier estimation, as exhibiting the early inven> 
tions of one of the greatest mechanical geniuses of any age or nation.—F.n. , 
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vel ground, an index, consisting of ft round disk of alwut eight 
inches diameter, painted white, with a horizontal line of one 
inch wide, painted on its horizontal diameter with vermilion, was 
fixed updn the rod about one f5ot Irom the ground, and ano¬ 
ther similar index uas moved up and down flie roS, until, upon 
looking through the telescope, tlie two horizontal hairs covered 
the red strjpes on the lower and upper indexes; the tcleseojie 
being turned on its axis* until tlie perpendicular hair was paral¬ 
lel to the rod. The indexes being thus covened by the horizon¬ 
tal hairs accurately, tlie upper intfex was fixed to the rod, and 
the distance, between the middle of the red stii])Ch, on the two 
indexes, was divided upon the rod into twenty parts, representing 
so many chains, which, with the instrument I used, wore ujiori 
the rod about four and a half inches each ; and l‘or distances, 
exceeding five chains, this division into equal parts was sufficient¬ 
ly accurate; but for shorter distances it is not strictly so. 1 
therefore fixed a pin at every chain, and holding iqi the rod 
at each of them, made the necessary correction; and as the fo¬ 
cus of the object-glass is also alfected by the distance, it is pro¬ 
per to adjust the eye-glass to it at each station. The divisions 
on the rod being marked with the number of chains they repre¬ 
sent, it was only necessary to send an assistant wnth the rod to 
any place the distance of which was w'anted to lie measured, and 
by signs to make him move the iipjier index up and down, until 
the two horizontal hairs covered the red strqies on the upper and 
lower indexes; the divisions on the rod then showed the dis¬ 
tance, which I found could be ascertained to within less tluui 
one-bundrcdtli part of the whole distance, and with a higher 
magnifying power, could be done projiortionally more accurate. 
The rod I commonly used was twelve feet long, and conse¬ 
quently could measure thirty chains; but by sliding another 
rod upon it, so as to lengthen it, I measured greater distances, 
and wdiere still greater were wanted, I strctclierl a tape hori¬ 
zontally, and turning the telescope on its axis, made tlie single 
hair jiarallcl to it, fixing one index at the end of the tape, and 
sliding the other along it, until it subtended the distance be¬ 
tween the wires. 1 then measured the subtended tape witli th<3 
T-od, and so ascertained the distance; hut thig expedient I rare¬ 
ly had retoursc to, the distances ligciierally had oecai^ion to 
ihca‘!ire rareU exceeding half a nnle, or fort^ chains* 
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II k plain that this instruhielit possesses the advantage erf" 
fneasiiring all distances with equal acctirafcy, until the imper- 
fcctiori of ^i-ision at great distance interposes, as the scale oh 
which they are measured expands iwtli the distances, and in un¬ 
even ground it possesses more accuracy than the chain, and is 
very valuable in measuring distances from one hill to another, 
and across bays of the sea, where tlic chain cannot be used, 
which I experienced, in the survey of West Loch Tarbert, the 
northern shore of Vhich is j^ery much indented, and so rocky, 
that it is scarcely possible to measure a few chains in a straight 
line Lijion it. 

1 showed the instrument to all my friends at the time, and^ 
among others, to Mr Smeaton, as I have mentioned, and used 
it publicly in my suiweys, and it was consequently known to 
many people, though not published. 

A Mr Green, in 1778, applied to the Society of Arts for a 
premium for the same invention, which Mr Smeaton apprized 
me of, and also informed the Society of my claims, in conse¬ 
quence of which I was desired to attend their Committee, where 
1 informed them of what I had done, and at what time. Yet 
the Society thought fit to award Mr Green the premium, 
though lus invention or use of the method M^as posterior to 
mine, I suppose because he had used an instrument of higher 
magnifying power, viz. Forty, and consequently had been able 
to measure greater distances, and, as v'as said, with greater ac¬ 
curacy. 1 made no further reclamation, as I perceived it was 
tiot in that court I could «)btaiii justice; and as I dislike paper- 
war, 1 did not apply to any other, though there were people 
then living who could have attested my use of it. 

Another Micrometer with a prism, I invented, t think, about 
that time; it consisted of a thin prism, witli its surfaces nearly pa¬ 
rallel, or inclined one degree or two, as in Plate III. Fig 0 This 
prism was cut by a diamond into two parts, wliich, when they were 
fixed in the same plane,refracted all the rays v Inch passed through 
them equally ; but one of them remaining fixed, and the otlier 
moving on a centre at a, according to the dotted line, would re¬ 
fract that portion of the rays winch passed throi^gli il, more 

than those which passed through the fixed j)art, and being pla- 

f 
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C5ed in the focus of the object-glass of a telescope, two images 
were formed of each object, by which its diameter could be 
measured. An index, and divided sector of a circle, served to 
measure the comparative refractions. 

This instrument I made with the sector and radius of wood, 
and gave it to Professor Anderson, of Glasgow College, and, I 
suppose, it^is still among his apparatus, which he left to a pu¬ 
blic institution The Abbe Rochon afterwards published, in 
1783, a description of some micrometers with prisms, but I 
think they were upon somewhat different principles in their 
construction. 

The cross-hair micrometer, as described, leaving me too much 
in the power of my assistants, where the distances were greater 
than permitted me to read off the number of chains on the rod 
myself. I thouglit of another about 177f2 or 1773, which con¬ 
sisted of a telescope with an object-glass of a long focus, say 
three or four feet; this was placed m a tube w^itli a slit in one 
side of it, nearly as long as the focus of the telescope, and the 
object-glass being fitted to a short tube, which slid from end to 
end of the slit, could be moved backwards and forwards by 
means of a piece of metal fixed to the short tube, and coming 
out through the slit; a glass of six to nine inches focus was also 
fixed in the outer tube, of the nature of what is called a field- 
glass, and to this was added an eye-glass, with a cross hair-piece 
in its focus. 

Now it is evident, that if tlie object-glass lie moved nearer 
the field-glass, their common focus will be sliortcned, and the 
image at the cross-hairs diminished proportionally, until the 
glasses come into contact, when their common focus will he 
shorter than that of the field-glass alone; and tw'o indexes fixed 
upon a rod being subtcndcil by the cross-liair at any given dis¬ 
tance, the same rml with its indexes being removed nearer the 
observer, upon sliding the object-glass nearer the eye, they may 
ag£un be subtended by the cros.s-hairs, and a scale on the side of 
the tube will show the comparative dislance tliey have beem re¬ 
moved, and the distance of the first object being known, that of 

ft 

- - - - - - ■ . ■ ■■■- . _ » 

• I have heard, simc vMUing thif pjt't'r, tluit a is ii^nv at the Miicf.irlanc Ob- 
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ihc second will also be bo. This scale could not, however, be a 
stale of equal parts, but one which could easily be laid down. 

I made a rough model of this instrument at the time, but 
have never completed it, lla^ilf^g been since engaged in con¬ 
cerns where *.ueh histruments were unnecessary. I descri¬ 
bed it, however, U'several of my friends at the time, and, 
among others, to the late Mr Ramsdon; but whether it lias 
been tliought of liy any one else, or t}*e proldem ptiblished, I 
am ignorant. , 


Aet. XXII.— Account of Mr Morton's Pate7it Slip, for haul” 
in^ Vessels out <f the water to he repaired, ^c. Drawn up 
fiom inli>rniation comnmmcated by the Inventor. 

JL lir.RE arc low of the practical inventions of the present day 
llial are entitled to a higher rank, in jioint of real utility, than 
the slip recentl}' invented by Mr Thomas Morton of Leith, for 
hauling vessels out of llie i\atcr in order to be reptured. Some 
years ago IMr IVloitou conceived the idea of sujicrseding the ne¬ 
cessity of tiry-docks by the use of a simple apparatus. He ac¬ 
cordingly ei’cctcd one iu his own dock-yard at Leith; and 
after experiencing its benefits, and bringing it to perfection by 
successive iinjirovcmenls, he secured, by a patent, liis exclusive 
right to the invention. 

'l*aisaj>paratus, which he calls a Slip, is represented in section 
in Plate I. Fig. C. where A, R, C are the sections of three 
railways constituting a plane, inclined at nearly the same angle 
as the slips gi'iierally used for building ships. This railway is 
placed on a sloping beach, and extends from above tlie reach of 
the tide down to low water-mark. A carriage or frame of 
wood, seen in section at D, E, F, G, II, runs along the iron rail¬ 
way ujH>n rollers or truck-wheels, having flanges to guide them. 
Rlocks arc laid upon tlie middle or keel-beam E, of the car¬ 
riage, to sucl) a height, lliat the keel of the vessel may clear the 
ends of the cross-])ieccs D, F; and each block embrucc.s four 
trucks, two on each side of tlie beam. The blocks seen at M 
and N, wliieh slide upm the cross-]in'ccs, arc made up to cor-* 
resjxmd to the rising ol* tin* ^csse^s bottcan. Tliey run out to 
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the extwJmity of tlie cross-pieces, and tlieir ropes r (r belong¬ 
ing to the left hand blocks, and s to tlie right hand ones), cross¬ 
ing the carriage, are reeved through a shca% e attached to the 
opposite cross-piece, up tq tile t,op of the rope rod. Tlie shores 
S S (when any are necessary), arc put into tl^ir places, turn 
upon a joint at T, and are secured (when the vessel is floating 
on) from falling outwards, by a small chain. 

^Vhen «, ship is to hauled ashore, the, carriage, thUvS pre¬ 
pared, is let down the inclined plane, generally at low water 
The chain of a powerful capstan is tlien attached to the car¬ 
riage, and a water-staff is placed at the fore-end of the kc'el- 
beara, to mark the dejith of the w'ator, and be a guide in Hoal- 
ing the vessel on. The vessel is then brought to the lower 
end of the carriage, and hauled over it, (having bow and tpiai- 
tcr lines to steady her), till the advanced part of her keel takes 
the blocks between the fore-foot guides. The ends of the ropes 
r s are now taken on board from the rods R R, but kept slack, 
and tiie vessel is hauled forward, as the w*ater flow's, until the 
keel takes the blocks at tlui contracted part of the guides, which 
are just wide enough to receive it. Reirig still afloat abaft, (ha¬ 
ving been previously so trimmed), the vessel is then adjusted 
over the bJtx^ks abaft by a water-line. When the iron-guides 
a hy cd, are hauled up by their ropes a e, (I /, they confine 
her to settle down truly. By heaving the capstan, she will 
soon take the blocks abaft, which is observed by the water-mark 
left on her bottom; she is tninmed upright, and the foremost 
bilge or sliding blocks liauled in tight. As she rises out of the 
water, each succeeding block is hauled in, but not till the 
weight of the vessel has settled well on her keel. The sliding- 
blocks are prevented from springing back, by their palls or ca^i^h- 
es falling into their racks; tlie shores are brought to her sides, and 
there secured. When thus secured, she is hauled up the inclined 
plane, at the rate of from to 8 feet per minute, by six men to 
every hundred tons. Being hauled up, she is shored from tlie 
ground ; the keel-beam is secured from moving; and the sliding- 
blocks, with their cross-pieces, arc m a few minutes removed, 
when the vessel is ready to be repaired. 

The blocks being relieved of the vessel in the usual manner, 
the keei-beam, with the after cross-beam, ^ill run from under 
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her. The carriage is again put together, and another vessel 
can be hauled up a-slern of the Ibmrer. 

When a vessel is to be launched, the erosF-picccs, with their 
bltK'ks, are put under her, and fjjieis instantly let into the water; 
—or, to launch and, haul uf) vessels the same tide, temporary 
blocks are put under,the bottom of the vessel to be launched, 
upon the cross-])ieccs, instead of the sliding-blocks, which are 
prejMired as before,to suit the vessers j^ottom to bc*laken up; 
^the vessel is launched ; when she, and the temporary blocks 
winch steadied her, float from the can-iage, and the other vessel 
is taken on, and b.iuleil up as formerly described. 

One of the great advantages of Mr Morton’s slip is, that it 
can be constructed in situations whc*re it is impossible to have 
a th'Y dock; and that it can be removed from one place to 
another, and may even be carried on lioard a ship. Being 
above ground, the air has a free circulation ; the men work with 
more comfort, and, in winter, they have tlie light much longer 
than within the walls of a dry dock. Time is even saved in 
carrying the materials for repairing the ship ; and such is the fa¬ 
cility of the whole operalion, that ships can lie hauled up, in¬ 
spected, and even get a trifling repair, and be launched again 
the same tide. As the mechanical jxiwer is attached solely to 
the carriage, the vessi'l is exposed to no strain, and the process 
of repairing one vessel is never interrupted by hauling on another, 
as in dry docks. 

A slip for a vessel of 300 tons can be constructed for about 
Ij. 500 or Ij. 600; and the expence of taking up a vessel will 
not exceed from twenty-five to thirty shillings. 

The following Estimate, for Slips of a large size, has been com- 
♦numicated to us by Mr Morton : 

Estimate the Expence (f‘ a Slip capable cf' coniainmg two 
Ve.sseh, one of WO ions, and another of\60 tons. 

1st, Middle and side ways of the inclined plane of American 
red pine, with cast-iron railways complete, 300 feet long, 
at 20s. - - - L.300 0 0 

2d, Carriage or moveable frame, the keel ami side- 
• beams of which are American white oak, all thc^ 
cross-beams of English oak, free of sap, with 

f 
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sliding and keel-bltx;ks, with its truck and axles 
turned, and all other iron work complete, &c. 240 0 0 

3d, Chtun of best Swedish iron, 230 feet, at 13s. 4d. 153 6 8 

4<A, Machine capstan complefte,^ - - 65 0 0 

5thf Patent right, confined to one set of railways, 
but may be transported to any other situation, as 
the whole apparatus can be stowed in little bulk *, 200 0 0 

O .--- 

L. 958 6 8 

Mason work, or piles for foundations, say - 150 0 0 

but this depends on the nature of the soil. 

L.1108 6 8 

In the preceding short account of Mr Morton’s slip, oiu* on¬ 
ly object has been to convey to general readers’some idea of its 
construction and advantages. Those who take a deeper interest 
in matters of this kind, will not fail to see the apj3aratus actual¬ 
ly at work, and to examine all the details of its construction, 
which evince much ingenuity and mechanical skill ■!■. 

We .shall now conclude this notice, with the opinion of one of 
the most skilful and scientific navigators of the present day, in fa¬ 
vour of Mr Morton’s invention. “ The advantage of such an aj>- 
paratus,” says Mr Scoresby, “ in a vessel bound to the polar re¬ 
gions on discovery, might be very great, provided, in the place 
where there should prove a necessity for using it, the rise of tide 
should be sufficient for admitting its application, if the beach 
should be of a sloping nature. It could be prepared in short 
pieces, so as to be fitted together with screws; and though in- 
tendetl for sustaining theweightof a ship, would be by no means 
very cumbrous. Indeed, any vessel of 200 tons burden, or 
upwanls, might easily carry it out in her hold, without mate* 
rially, if at all, interfering with the room requisite for her stores. 
Thus a vessel having occasion to winter in Baffin’s Bay or Davis’ 
Strait, would require only the adjustment of the frame and 
ways, which three or four skilful mechanics might effect in a 
few days, before she could be hauled up oq dry land quite be- 

* The patent tight is £100 when the ve&scl is une of 100 tons, and £150 ftir 
.one of 200 tonrf. 

4 An account of the csjTeriment^ made in the Government Dock-yards, in haul- 
hig up ships of war upon fomnion bmUling-slip’', will ha found in ihe Sup. Eni'yt. 
lint, art, Decavruo. * • tt 
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vond tlio r('acli of either ice or tides, where she would constitute 
as ainifortnhlc a dwelling as could be expected in such a country. 
The apparatus could even be apjilied where there was not a fall 
of tide equal to the depth of Avtiter drawn by the vessel, by tlic 
use of a snialV coflt^-d.'im, sufficient only to stop out the tide at 
low water, until tht* railway slioidd bo adjusted so far down 
that at high \vater the vessel could float upon the frame Avhile 
resting on the railay. Then the force* of the slopes company 
would be amply siitlicient for drawing tlie vessel up on land*.’' 


Art. XXIII —Notice regarding the State of the Scottish 
Fisheries in August 1819. In a I^^tter to the Editors, from 
lloaKRT S'j Lvi'.xsox, Esq E. R. S. E. Engineer to the Com- 
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H AVING been for many years conversant with the naviga¬ 
tion of the Scottish seas, I have, prior to the war with Holland, 
seen fleets of Dutch busses engaged in the hernng-fishery off 
the nortluu’n parts of our coast. For a long time past, how¬ 
ever, these industrious fishermen had not ventured to approach 
these shores; and they are now only beginning to re-appear. 

In the early part of August last, while sailing along the 
shores of Kincardmeshiie, about ten miles off Dunottar Castle, 
the watch upon deck, at midnight, called out Lights a-head.” 

a nearer ajiproach, these light s were found to belong 
to a small fleet of Dutch fi.shermcn employed in the deep- 
sea fisliing, each vessel having a lantern at her mast-head. 
What success these plodding people had met with, our crew had 
n« o})portunity of inquiring ; but upon arriving the next morn¬ 
ing at Fraserburgh, the great fishing station on the coast of 
Aberdeen, wt found that about 120 Ixiats, containing fiv'C 
men each, had commenced the fishing-season here six weeks 
before, and had that night caught no less than about 1500 
barrels of Jiemngs, which in a general way, when there is a 
demand for fish, m*ay be valued at L. I Sterling per liarrel to 
the fishermen, and may be regarded as adding to the wealth of 


* Scf’i 's yircount of the Aictic vol. i. p 32, now in the picss. 
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the country perhaps not less than L. 3000. In coasting along 
between Fraserburgh and the Orkney Islands, another fleet of 
Dutch fishermen was seen at a distance. The harbour and bay 
of Wick were crowded with fishihg boats and busses of all de¬ 
scriptions, collected from the Frith of Fdrth asid southward 
even as far as Yarmouth and Lowestoffe.* •The Caithness fish¬ 
ing was said to have been pretty successful, though not equal to 
what it has been in fornicr years. ' 

In the Orkney and Shetland islands, one would naturally 
look for extensive fishing establishments, both in herrings, and 
w'hat are termed White Fish, (cod, ling and tusk) ; but it is a 
curious fact, that while the Dutch have long come from their 
own coast to these islands to fish herrings, it is only within a 
very few years that the people of Orkney, chiefly by the spirit¬ 
ed and praise-Avorthy exertions of Samuel Laing, Esq. have gi¬ 
ven any attention to tins important source of wealtli. It has 
long been a practice with the great fishmongers of London to 
send their welled smacks to fish for cod, and to purchase lob¬ 
sters, around the Orkney islands; and both are carried alive to 
the London market. This trade has done much good to these 
islands, and has brought a great deal of money to them; but 
still it is of a more circumscribed nature, and is less calcula¬ 
ted to swell the national wealth, than the herring and white 
fishery in general. 

Hitherto the industry of the Orcadians has been chiefly di- 
rectctl to farming pursuits; while the Shetlanders have been 
almost exclusively occupied in the cod, ling and tusk fishing. 
It is doubtful, indeed, if, up to this period, there be a single 
boat belonging to the Shedand ides, which is completely equip¬ 
ped for the herring fishery. But here, again, another fleet vif 
Dutch doggers was seen collecting numbers oflP these islands, 
which is considered a rich harvest in Holland. So systemati¬ 
cally do the Dutch pursue the fishing business upon our coasts, 
that their fleet oS Busses is accompanied by an Hospital-ship. 
This vessel we now found at anchor in Lerwick roads, and 
were informed that she paid weekly visits to’the fleet, to supply- 
medicines, and to receive any of the people falling sick, or meel- 
•ing with any accidents 
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Though Shetland is certainly not so much on agricultural 
country as Orkney, yet it may be hoped that the encourage¬ 
ment judiciously held out by the Highland Society, for the pro¬ 
duction of green crops in Shetland, may e\entually have the 
effect of teaching these insular farmers the practicability of pro¬ 
viding fodder for their cattle in the spring of the year. For ages 
past this has been a great desideratum. The comciand of a 
month or six weeks fodder, would enable the proprietors of that 
country to stock mhny of tljeir fine verdant isles with cattle, 
and to employ their hardy tenantry more exclusively in the 
different branches of the fishery. 

It is well known, that, next to the Newfoundland Banks, those 
of Shetland are the most productive in ling, cod, tusk, and 
other white fish ; and by the recent discovery of a bank, trend¬ 
ing many leagues to the south-westward, the British merchants 
have made a vast accession to their fishing-grounds. In the 
small picturesijue Bay of Scalloway, and in some of the other 
bays and voes on the western side of the Mainland of Shet¬ 
land, the fishing upon this new bank, (which I humbly pre¬ 
sume to term the Regent Fisiiing-Bank, a name at once 
calculated to mark the period of its discovery, and pay a 
proper compliment to the Prince,) has been pursued with 
great success. Here small sloops, of from 15 to 25 tons bur¬ 
den, and manned with eight persons, have been employed. In 
the beginning of August they had this summer fished for twelve 
weeks, generally returning home Avith their fish once a-week. 
On an average, these vessels had caught 1000 fine cod-fish 
week, of which, about GOO in a dned state go to the ton, and 
tliese they would have gladly sold at about L. per ton. So 
nuifierous are the fish upon the Regent Fishing Bank, that a 
French vessel, belonging, it is believed, to St Malocs, had sailed 
with her second cargo of fish this season; and though the fisher¬ 
men did not mention this under any apprehension, as though 
there were danger of the fish becoming scarce, yet they .seemed 
to regret the circumstance, on account of their market being 
thus pre-occupied *. 



• See a faitlier arcount pf this fishing bank by Di Ilibbcrt, in tbii Nunibei of 
oui* Journal, p. 13t3.—Ko, t 
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IltTe, and at Orkney, wc had the pleasure to see many ships 
amving from the whale-fishing, and parting with a certain pro¬ 
portion of tlielr crews. To ^such an extent, indeed, are the 
crews of the whalers made up from these islands, that it is cal¬ 
culated that not less than L. 15,000 in casli are aVinually brought 
into the islands by this means. With propriety, therefore, may 
the whale-fishery be regarded as one of the most jiroduetivc 
sources of national wealth connected with the British Fisheries. 

From the Orkney and Shetland islands “our course was direc¬ 
ted to the westward. A considerahlc saliiion-fishiiig seems to 
he earned on in the mouths of the rivers of Lord ileay’s Coun¬ 
try in Sutherland si) ire ; the fish are carried from this to Aber¬ 
deen, and from thence in regular trading smacks to Ijoiidon 
We heard little more of anv kiml of fishing till we reached the 
Herris Isles. There, and throughout the numerous lochs and 
fishing stations on the Mainland, in the districts of Gairloch, 
Appiccross, Lochalsh, Glcnelg, Moidart, Kiioidart, Ardnamur- 
chan. Mull, Lorn and Kintyre, we understood that there was a 
general lamentation for the disapjiearancc of herrings, which 
in former times used to crowd into lochs wliich they seem now 
to have in some measure deserted. This the fishermen su})- 
pose to be owing to the Schools being broken and divid¬ 
ed about the Shetland and Orkney Islands ; and they remark, 
that, by some unaccountable change m the habits of the fish, 
the greatest number now take the east coast of Great Britain. 
This is the more to he regretted, that m Sky, the Lewis, Harris, 
and Uist islands, the. inhabitants have of late years turned 
their attention much to the fisliing. Indeed this has followed 
as a matter of neeessity, from the general practice of con¬ 
verting the numerous small arable farms, wdiicb were perliaps 
neither very useful to the tenants, nor profitable to the laird, 
into great .sheep-walJis, so that the inhabitants are now more 
generally assembled upon the coast. The large suras expended 
in the construction of the Caledonian Canal, have either direct- 
ly or indirectly become a source of wealthy to these people ; they 
have been enabled to furnish themsches with boats and fishing 
tackle, a^d for one fi.shlng-boat, which was formerly seen iri'the 
Hebrides only twenty years ago, it may be safely affirmed that 
ten are to be met with now. If tHe '-ame spirit shall continue to 
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be manifested, in spite of all the objections which liave been urged 
against the salt laws, and the depopulating effects of emigration, 
the British Fisheries in these islands, and along this coast, with 
a little encouragement, will be^wonderfully extended, and we 
shall ere long see the^ Highlands and Islands of Scotland in that 
state to which they arp pccuharly adapted, and in which alone 
their continued prosperity is to be looked for, viz. Wlien their 
valleys, nmirs and ptiountains are covered with flocks^ and the 
people are found in small villages on the shores. 


Aut. XXIV .—An Account of a New Method (f Uniting Bee- 
Hives. Communicated by the Ilevercnd Andrew Jame¬ 
son, Member of the Wernerian Society. 


When a hive is too weak to stand over winter, or when it 


is wished to deprive the bees of their honey, without suftbeafing 
them. It IS now the general practice to unite the hives, in either 
of these situations. The method of uniting bee-hives, as prac¬ 
tised by M. Huish, except in the hands of a very experienced 
apiarian, is attended with veiy considerable risk to the lives of 
the bees; whilst Bonnar’s method is not unfrequently at¬ 
tended by the destruction of a considerable proportion of the 
conunuiuty. Feeling the want of some safe and effectual mode 
of uniting hives, particularly when the honey season advanced, 

I was induced to examine into the practice m tliis neighbourhood, 
and found a way of jierfoiming this operation of thirty years 
standing, of which, however, no public notice had ever been gi¬ 
ven. This manner of uniting hives, is the invention of the Re¬ 
verend Richard Paxton, Minister of Tundergarth, and his 
tlffrty years cxpeiience, on a very largo scale, should give great 
weight to the invention. 

Mr Paxton’s method of uniting hives is this:—An empty 
hive being procuretl, is inverted on the hive fiom Mhich it is 
wished to ibslodge the bees, either to take their honey, or to unite 
them with anotlier hive. Betwixt the two hives thus connected, 
a small piece of wood is so placed, as to keep these two laves 
about an inch apart on one side. The reason of placing this 
itiek across the mouths, and between the two hivc.s, is to |jre- • 
vent the bees, after being \lrivcn up the one side of the hive, 
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descending (which they would do) by the other to the hive 
I'roin whence they were dislodged. The hives being in the si¬ 
tuation now described, the operator strikes on the under hive, 
(taking care not to strike so strong as to hurt tlie combs), till 
the bees, being terrified by the noise, take refuge in the upper 
hive. A quantity of small beer must be made milk-warm, 
and as much soft sugar melted in it as will make a thin gruel. 
A bunch of feathers, or brush, must also be ready. The ope¬ 
rator now gently lifts the hive containing tlie dislodged bees; 
liis assistant also is ready to lift up tlie hive With which these arc 
to be united. The hive which is to receive the new colony is 
turned with its mouth upwards, when a person standing ready 
sprinkles as quick as possible the bees as they show themselves 
with the liquor already described. When he thinks all are 
pretty well drenched, he stops. The same operation having 
been performed on the other hive, that is, the hive which was 
dislodged from their own work, these bees are emptied into the 
hive destined to receive the colony as quick as possible, and 
swept with a bunch of feathers into the interstices between the 
combs. The hive is instantly reverted, and placed on the 
stand. 

The operation is best performed in the evening. In a few 
hours after the union, all will be quiet. Next day, you may 
perhaps sec a few skirmishes, owing to the sprinkling liquor har 
ving missed some of them; but very few will suffer death. 
This year I do not think I lost threescore of bees by the opera¬ 
tion. Four quarts of small beer, with lb. of common soft 
sugar, should do for the uniting of two common sized hives. 

In this method of uniting hives, there is no danger of drown¬ 
ing the insects, as there is in uniting them by M. Huish’s man¬ 
ner, or creating a blo<xly and exterminating civil war, the ge¬ 
neral consequence of Mr Bonnar’s plan. 

The explanation of the principle may be left to naturalists. 
It would appear, that bees judge very much by the smell, 
and that all those scented by the small-beer and sugar are 
thus induced to regnrd each other as fidcnds.and associates. 

St Mux’Go, ) 

Xocemher 18i:>. ( 
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Abt. XXV .—Account of an Improved Catoptrical Micro- 
scope, hy Professor Amici o/* Modena. Translated from 
Gilbert’s Annalen *. 

• 

IVIiruoscovEs constructed on catoptrical principles, have 
been knovm since ^e time of Newton ; but in consequence of 
their imperfection, and the great improvements maj^e upon the 
dioptrical instruments, they have been* of late, almost entirely 
neglected. • * ^ 

Some years ago, an eminent natural philosopher. Professor 
Amici of Modena, constructed a very excellent catoptrical mi¬ 
croscope, in whidi he seems to have avoided the imper¬ 
fections to which the instruments formerly constructed upon 
tlie same principle were liable, and to have combined several ad¬ 
vantages which are not possessed by the best dioptrical micro¬ 
scopes now in use. The ingenious inventor has lately published 
a minute description of ibis improved instrument, in a memoir 
inserted in the 18th volume of the Transactions of the Italian 
Society. 

The body of this microscope consists of a horizontal brass 
tube, 12 inches in length, and diameter. At one end 

of the tube is placed a concave speculum of metal, whose axis 
coincides with that of the tube, and. whose superficies is ellip¬ 
tical, and so calculated, that of the two foci, the one falls at 
the distance of 2,®jjth, and the otlier at 12 inches from its 
centre. A small arm within the tube, carries a small plain mir¬ 
ror of metal of an oval form, placed at the distance of 1 inches 
from the former, opposite to it in an oblique direction, and sup¬ 
ported by an oblique section of a metiil cylinder y’j^th of an inch 
in diameter. The c“cntre of the polished surface of this niirrta’ 
•coincides with the axis of the concave mirror, ivhicli is situa¬ 
ted at the distance of 1, inches from the centre of tiie other. 

This plain mirror is so placed, that, while it receives the 
image of the object (which is placed on a moveable object-liearer 
attached to the pillar below it) by means of a snpll aperture in 


• In vnl. I jj. 2H<. we have given a notice lespccting this microscope, rommu- 
iiicated to us by Ills llojal Highness the Aichduke Maximiliffn, who, we un|}ei* 
sitand, has lecently presented on|of the tnstiuments to the linpeiial Cabinet of 
tiual History at Vieimc — E». 
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the under part of the body of the tube, it throws it towards the 
concave mirror, in whiph it may be examined by tlie eye of the 
observer, applied to the opposite end of the tube, through a 
greater or smaller number of magnifying eye-glasses, which may 
be fitted U> it. ‘ 

The internal diameter of the tube, whrch regulates that of 
the large mirror, may be inches, and the thickness of the 
surrounding metal about ,/jtln Upon this construction, the ob¬ 
ject to be examined may always be at the distance of half ^i inch ' 
from die edge of die tube, and roiisequeiitly be \cry well light¬ 
ed on every side,—transparent objects from below, by me.ins of 
a common illuminating mirror, fitted to the pillar, and move- 
able,—and opaque bodies from above, either by the natural 
light falling directly in, or by concentrating an artificial light, 
by means of a convex glass fitted to the object-bearer,—or 
still better, by means of a pierced mirror of metal, which is fit¬ 
ted to the tube below, over the object, so as to be brought more 
or less iieiu* to it. The large illuminating mirror below sJiould 
be concave, having a diameter of“ three inches, and a focal dis- 
tance of 2 5 at the utmost. 

The effects of the two last-mentioned mirrors may'be recipro¬ 
cally combined, by means of a common corresponding adapta¬ 
tion,—-by receiving and I’cflecting the rays of light, so a.s to pro¬ 
duce the highest degree of intensity tif light, and the most per¬ 
fect illumination of the object on all sides, both as a whole, and 
in Its different parts,—an advantage, indeed, which may bo at¬ 
tained in dioptrical instruments, by similar means. 

The inventor considers the proportions above given as best 
adapted for the convenient use of the instrument, in order to 
preserve, along with a high degree of effect, and even the high^ 
est degree of magnifying power, a moderate distance of the oli- 
ject from the microscope, \h. half an inch, which not only al¬ 
lows the most simple and perfect illuimnation from above, but 
also admits of our examining objects of a considerable size ei>- 
tirc, without separating the parts, and also small animals alive. 

A common dioptrical microscope, whose objedt^glass has a focal 
distance of six lines, would corresjiond with tins .state of tlie ol>- 
jeet, and consequently admit of similar advantages, but w'lth a much 
dimini.shcd magnifying pow or, of about 1500 or 2000 m the area. 
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Professor Amici has accordingly compared the best English mi¬ 
croscopes of Adams and Dollond with his own, and, upon a 
comparative examination of the same objects, he maintains that 
his instrument shews the objeft more clearly and distinctly, 
even when magnified in the same degree. The Professor had 
no opportunity of niftking ^exjieriments with the microscope of 
De la Barre, and those made at Benedietbeuern by Utzsclmeidcr 
and Fraunhofer; bftt he thinks himself Justified in concluding, 
fhat his own admits of a far greater degree of magnifying power 
than tlie latter, as he perceives that their largest microscope does 
not inagmfy the objects above 22,500 times in the area, while his 
goes the length of a million. He has also endeavoured to shew, 
by a mathematical calculation, that such a high degree of mag- 
nifying power cannot be attained in a dioptrical instrument. 

The following, according to Amici, are the advantages of his 
microscopa 

1. The observer has the convenience of being able to examine 
the object in a honzontal position, while, in those constructed 
on the dioptrical principle, the object is examined in a vertical 
position, that is, from above. The observer, therefore, may be 
seated, has no occasion to bend his head, and can examine ob¬ 
jects more conveniently, or for a longer time, than with a largo 
dioptrical instrument on the common construction. 

2. The different degrees of magnifying power can be easily 
and speedily applied and changed, nothing more being neces¬ 
sary for this purpose than to change the eye-glass, without vary¬ 
ing the position or distance of the object, so that it may be exa¬ 
mined with great rapidity in all different degrees of magnitude, 
without the least variation of the point of view; while in the 
dioptncal instruments, it is necessary not only to change the 
object-glass, but also the visual distance, which not only occa¬ 
sions loss of time, but very seldom admits of the object being 
again seen in the same position, and in the same point of view'. 

3. As in this new instrument the object always remains in 
the same position, and is kept constandy at the distance of half 
an inch from the body of the microscope, it consequendy admits of 
"dull examining objects immersed in fluids, and animals sw miming, 
and that nearly at an equal depth, and in every degree of mag- • 
nitude, With dioptrical instruments, on the other hand, this is 
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quite impoBsible, on account of the shortness of the focal dis* 
tance in the highest degrees of magnifying power, as the object* 
lens must be brought so near the object as almost to emne in 
contact with the fluid. • 

4. The light may be brought to bear upon all sides, and in 

all directions, even* by means of a lamp bf a taper, as the flame 
can be brought very near the illuminating mirror, without being 
troublesome to the observer. ‘ ^ 

5. As metallic sj)ecula do not disptTse the light, and conse^ 
quently produce no colours, the objects appear of their natural 
colour. 

6*. The diameter of the concave mirror being so large, com¬ 
pared with its focal distance, we raaj|, expect so much more dis¬ 
tinctness. 

7. As the distinctness of the image produced by reflection 
is greater than that produced by refraction, the degree of magni¬ 
fying power may be carried much higher. 

We must not omit to mention, that Professor Amici has con¬ 
trived, by a very ingenious arrangement, to convert his micro¬ 
scope into a species of camera Ipcida, in order to enable the olv 
server conveniently and very exiictly to delineate the object, in 
any degree of magnitude, at pleasure. This circumstance un¬ 
doubtedly enhances rfie value of the invention. 


Art. XXVI .—Account (f thot Discovery the Shetland Cod- 
BanJe in the Summer of 1^8. ‘’;^In a cfommunication from 
Samuel Hibbert, M. D. M, W. S., &c. 


The certain knowledge that a very extensive Cod-bank ex¬ 
isted to the west of the Shetland Islands, was the discovery of 
the summer of 1818, and it will form an important epoch in the 
annals of the British fishery. The visit which I paid to Shetland 
last year, for the purpose of examining its geology, comprised a 
period, when, from a mere suspicion of ,the existence of the 
bank, its reality was as a j^int of fact esteblished. Aware of 
the imporjgnce of the discovery in a national point of view, 1 
omitted no opportunity afforded me to procure every informa¬ 
tion in my power, with regard to fts situation, extent, and pro- 
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ductiveness; and a very brief account of the result of my in¬ 
quiry was conimimicated to the public in January 1818. The 
testimonies which I obtained from various individuals, only 
disagreed on subordinate points^ but these I have been enabled 
to correct and^ enlarge by the experience of another unprece¬ 
dented season of successful fishing conducted on the new bank. 

The cod-bank of Shetland is described by the fishermen as 
lying from twenty-five to thirty miles w^st of Foula.* That its 
jextent is very great, all who have fished upon it agree. The infor¬ 
mation politely given me by Mr Sheriff Duncan of Lerwick •, 
fully corroborates the prcvuius statement I had made on the 
subject last year. “ The fishing vessels,” says this gentle¬ 
man, “ spread themselves so widely over the bank, that it sel¬ 
dom happens that more than two or three are in sight of each 
other at the same time, yet they have never reached its utmost 
boundary.” I shall, however, communicate what is known of 
its extent, from the experience of a former season. The bank 
appears to commence near the cluster t)f Islands bearing the 
niime of Orkney ; it is said to lie into the land about sixteen radcs. 
Tile fishermen refer to the west of Westray as its origin ; and 
from thence it is continued in A direction nearly N. by W. having 
been variously entered upon in steering from the east, even as 
far distant as about twenl^ miles north-west of Shetland. If 
this information be coiTCQt, it would give to what is known of 
the extent of the bank, a dis^ce oS about 140 miles. 

Respecting the depth of water on the bank, I reported last 
year, that it was fkom 28 to 47 fathoms: the information re¬ 
cently given me, assigns to it a ^epth of from 40 to 50 fathoms. 
This discrepance of opinion, ^wlpch is not of material consc- 
tj^cncc, probably arises from the difference of observations 
taken near the origin of the bank at Orkney, or to the west of 
Foula, where its form becomes more definite. Its breadth has 
bcc;n reported to me as varying from 18 to 45 miles; here also 
I have met with some little difference of opinion, which natu¬ 
rally arises from an indecision respecting the exact depth to 
which its boundaries or shelving ^ides rrtay be referred, and 

• I am indebted to Mr Duncan, through the medium of my fvend, Mr HohS,^ 

Ute flt Lerwick, for much infonnation relating to the aurresR of this j car's fiahery. 

• 
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which can only be rectified by extensive soundings. The sur¬ 
face of the bank is described as in some places rocky, and in 
others sandy, and as covered by buckles, mussels and razor- 
fisli ♦. ' 

After recounting what is known of the bank, ,lt may be pro¬ 
per to mention the speculations which lurv*? been made regard¬ 
ing its extent. That it is continuous with a cod-bank near the 
Faroe Isliinils, is contended for, not only ftora the general di¬ 
rection of the Shetland Bank, which Ileal’s towards that very*^ 
northerly and remote group of islands, but also from a simila¬ 
rity of character in the fish caught at each place. The cod of 
both Shetland and Faroe ha\e been desciibed to me by a 
gentleman familiar with the fish, as grey backed, spotted with 
black, and tinged with a ring, which is of a brownish colour, 
inclining to grey. This continuation, then, the existence of which 
is very problematical, may perhaps take place*, rather by a series 
of distinct banks m a given direction, than by one that is unin¬ 
terrupted. 

In connection with the history of the bank, it may not be un¬ 
interesting previously to ciupiire if it was really known to those 
nations who cannot be accused of a supincness in the prosecu¬ 
tion of their fisheries, and my inquiries will be principally di¬ 
rected to the Dutch, who for nearly three centuries have been 
the principal fishers freipieiiting the coast of Shetland. 

In order to understand the history of (he Shetland fishery, 
we must distinguish between lliose nations who prosecuted it 
through the mediimi of the inhabitants of Shetland, and those 
who, avoiding such an intercourse, obtained the lucrathe ob¬ 
ject of tlieir visits by an equipment wlmh rendered tliem in¬ 
dependent of the people whose coasts tliey visited. The merchavis 
who prosecuted the Shetland fishery, through themedmm of the 
natives of tlie place, w«re from Hamburgh, Lubeck, Bremen, 
and Denmark, They occupied bixiths or shoj s in the country, 
and traificked with the Shetlanders chiefly foi ling. This fish 
is caught in deep watiT, at a distance of thirty miles from 
land f. For thi.s purpose light six-oared b>ats are at jiicsent 

it 

“ A beauts gsl Species of mfimflibuhform sponge obtained fiom the bank, ana 
*Kmdly forwarded to rat* by Mr Henderson of Papa Sto^ni, is attached to a large 
fiagmcnt of quart/, which is piobably the roc* of Mliuh the bank is toniposed. 

■j* Alojig n ith Iiiig 1'^ taken tlic torit-lidi oi tii k. 
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employed, 18 feet in keel, and 6 in beam, tiie adventurous 
crews of which carry each a stretch of lines amounting to 6000 
fathoms, with 1200 attached hooks. The German and Danish 
merchants, who had almost exT:]usl^cly conducted the Shetland 
ling fisheries ft)r nedrly two centuries, left tliese shores in conse¬ 
quence of the bounfics granted for the exportation of fish from 
Great Britain, agreeably to the acts of the years 1105 and 
1714. To these Visitors succeeded tfccasional companies of 

* Scotch and Englisl? merchants, who were actuated by the new 
bounty ; but eventually the fishery devolved to the Shetland 
landholders, whose policy it w'as to parcel out occupations to a 
number of individuals, involving at the same time, m the con¬ 
ditions of their holdings, the obligation to sujiply them at a sti¬ 
pulated rate with all the ling tJiey caught during the customary 
simiiner season. The fish, when dried, were chiefly exported 
to the shores of the Mediterranean, and to Ireland. 

The second descrijition of visitors to Shetland, for the pur¬ 
pose of prosecuting the fishery of the place, comprehended, as I 
stated, that people who, avoiding an intercourse with the natives 
of the shores which they nfled, obtained the lucrative object of 
their visits by an independent cquijmifcnt: I here allude to the 
Dutcli nation. An iiu(uiry into the nature of their visits to 
Shetland will involve in it the question, whether the cod-bank, 
first generally made known to this country in the year 1818, 
was or was not previously resorted to liy this reserved nation, 
who conceah'd from the rest of the world the fact of its exis¬ 
tence, or Avhethcr the knowledge of it, if really aexjuired by us, 
scarcely became an object of remembrance, owing to our pro¬ 
verbial supincncss in every thing relating to the advancement 
<ff the British fisheries ? The indejicndent system of the Hol¬ 
landers, and their little communication with the natives of the 
country, the jiolicy of which is olivioiis, is alluded to by Brand, 
in his Tour to Shetland in the year 1712. “ The Dutch,” he re¬ 

marks, “ cannot be said so properly to trade with the country^ as 
to fish upm their coasts'"^ In fact, they only purchased fresh 
victuals from the natives, and a few stockings. 

»• The Dutch fi^iery is first particularly noticed by Captain 
Smith, who, in 1633, by order of tlie Earl of Pembi-oke, and thd 
British Fishery Company of London, visited the islands of SheU 
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land. He saw 1500 sail of busses, of 80 tons each, taking her¬ 
ring on the coast of Shetland, with twenty rafters or ships of war, 
carrying 20 guns each, as convoys. But the confirmation which 
he adds to this narrative, relating to a distinct establishment 
which the Dutch possessed, for the purpose of pl’osecuting the 
cod fishery, is so remarkable, and is so involved in the question 
of the inifiortance of this new accession to our national resources, 
that I shall give Capfain Smith’s account "in his own words. 
Besides 1500 sail of herring busses and 20 v. afters, “ there were 
also,” he adds, a small fleet of dogger-boats, which were of 
the burden of 60 tun and upward, which did fish only with 
hooks and lines for ling and cod. IMany of these boats and 
busses came into several havens or sounds, to fit and trim them¬ 
selves. One thing zeas observable^ that zvithin eight or ten days 
after the dogger-boats xcent to sea, they came into the sound again 
so full laden as they could swim. The certain number of dogger- 
boats I could not learn, but the general report was about 400’'.” 
Upon the narrative of Captain Smith, I have certain remarks to 
make. The dogger-boats are stated in very general terms to fish 
for ling and cod ; but which of those fish was tlie leading object of 
their pursuit, our early narrator does not on this occasion inform 
us. It is well known, that the mode of prosecuting the white 
fishery, inasmuch as it has for its leading object the taking of cod 
or ling, differs in certain essential points The ling is sought 
for in deep water; the cod, on the contrary, is taken in the 
greatest quantity upon banks or on shoals. For the taking of 
ling, long lines, baited with many hundred hooks, are allowed 
to remain in deep water all night. Hence the intent of employ¬ 
ing open boats, that may not be driven to a distance from their 
lines. Cod, on the contrary, is caught by hand-lines, baited 
with single hooks, which are dropt into the water from the 
sides and stem of decked vessels. 

It is possible to conceive, that the Dutch, in prosecuting the 
ling-fishery, by means of their doggers, had recourse to the ex¬ 
pedient of a drove sail, which, by restraining the motion of their 
vessels, prevented them from being driven far from the lines which 
they had laid. But it may be remarked, that whenever thc“ 
Dutch fleet of doggers is described, with regard to its particu¬ 
lar object, it is distinctly stated to bfe intended for the codfish- 


* Smith's England’s Improvement revised. 
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ery. Thus in Sir Hobert Sibbolci's description of Shetland, 
bearing the date of 1711, the following passage occurs : “ But 
the greatest advantages Shetland hath is from t})e li siting of 
herring and cod, which abounds*so, that great fleets of the ^Hol¬ 
landers come there, and begin to take herring upon St John's 
Day, with their busses. But,” the author adds, “ they at the 
same time employ hundreds of doggers for taking cod."^ 

From what has been advanced, I am disposed tfi believe, 
riiat the ancient importance of the Dutcli cod-fishery of Shetland 
has been much underrated, dhd overlooked, by confounding it 
with a fishery of a different kind; that of ling being for the most 
part conducted through the medium of the nati\es of Shetland. 

The st'cond remark which I liave to make upon Captain Sraitli's 
early narration, refers to the succes.s of the Dutch doggers. It 
may be observed, that, previous to the cod-baiik being found out 
in the year 1818, the fishery, which was conducted round every 
part of the Shetland coast, was highly desultory and uncertain; 
and it rarely happened that vessels of only 10 to 30 tons, after be¬ 
ing employed a week in fishing, returned to their several har¬ 
bours, like the Dutch doggers described by Smith, “ so full 
laden as they could swim.” But Cajitain Smith tells us, that 
vessels capable of holding a much greater quantity of fish, and 
amounting to even 60 tons, came into the harbours, after an 
eight days cruise, full laden. For the reasons thus given, I 
am strongly inclineil to suspect that the bank was, two centuries 
ago, well known to tlie Dutch, and that the knowledge of it was 
either carefully withheld from this nation in particular, or, which 
i.s more probable, regarded by us with such an indifierence, that 
when the Dutch left our shores, owing to the interruption they 
experienced in our wars with them, it was soon forgotten that 
such a bank existed. In support of the latter opinion, a gentle¬ 
man in Shetland last jear informed me, that he had a distinct 
recollection of formerly seeing in an old Dutch chart the notice 
of a bank to the west of Foula, corresponding to the observa¬ 
tions made in the year 1818. 

For nearly a century and a half after Captain Smith’s visit, we 
that the Dutch *8611 continued to prosecute the cod-fishing 
on the coast of Shetland. In a MS. tour of the lat^ Reverend 
Geoige Low, in my possession, made through Shetland in the 
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year 1778, it appears that this ftentlomun was present when 
Bressay Sound was filled Mith Dutch busses preparing to set out 
for the hcning-l/.hery. After describing, in a very particular 
manner, tlx: arrangements and economy of this fleet, he adds, 
“ Besides the herring-busses, the Dutch send oi#t many doggers 
on the cod-fif-hing. These are going and coming from early 
sjiring through the whole summer. Each dogger has ten men 
and two^ boys, the hvilf of whom sleep wdiile the other are em¬ 
ployed ill fishing.” ^ 

The evidence yet to be given respecting the cod-fishery of 
Shetland, comprises the most recent circumstances relating to 
the Bank, subsetjuently to the departure of the Dutch from our 
shores, and refers to visits which were made to the Bank by the 
British : these were accidental. It appears from Mr Low, in 
his Fauna Orcadensis, that a bank lying to the north-west of 
the Burgh of Birsay in Orkney, was well known in these islands; 
but, that it was a hank extending to the west of Foulu, and 
even much farther north, was a circumstance to which tlio 
islanders seem to have been perfect strangers. “ The cod-fish,” 
he remarks, “ is found in sivarms on the banks all round the 
coasts, but is very little sought after. Of old this M^as not the 
case. Merchants from the south had their lactors hero, and 
many fish were yearly made and transported from these isles. 
Now all is sunk in indolence and sloth.” 

AddiUonal eviLlence lelatmg to an accidental visit to the bank 
has been given me by Mr Duncan, the intelligent gentleman 
whose commuiiKations I have before acknowledged. “ I rccol- 
lect,” he iiiforins me, “ that a vessel came into Bressay Sound 
several years ago, with her decks filled with cod. I was told by 
the master of the vessel, tliat they had been caught to the nojith- 
ward of the Orkneys, duimg two or three heurs of a calm. The 
master must therefore have been upon the bank w'hen he fell in 
with the fish, since it stretches round the northward of these 
islands.” 

The next evidence I shall offer on the subject of the bank, 
with reference to an historical order, will a^ipear in an extract I 
shall make from an interesting Tour through Orkney and Sbek 
land, mae'e by Mr Neill of this city during the summer of 1804. 

• It was not likely that an accidental«.nd remarkably successful ex- 
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jx;rinient, determining the productiveness of the Orkney fishing- 
ground, would esc’apc the notice of tliis gentleman, whose aidour 
and superior information on all subjects connected with natural 
history is well known, and it is not without very great reason 
that he feels s^me impatience at the apathy with which we have 
long regarded our northerly sources of wealth. It may be pre¬ 
mised, that any observations which Mr Neill might make re¬ 
garding the fishery off the north of Orkney, woultf apply to 
•the southerly comineiicement of the cod-bank of Shetland. 
“ We weighed anchor,” sa^s that gentleman, “ in die after¬ 
noon, and got under way with a gentle breeze. The sailors, 
bi'ing provided with strong lines, we here lay to, and fished for 
cod and haddock. So abundant were these kinds offish in this 
])lace, that in an hour our deck was strewed with about fifty 
fine firm c'od-fish, besides some baddtx-ks of a large size. This 
was not two miles distant from Papa Westray; yet we saw no 
hoot engaged in this rich Jishery! How supine is such con¬ 
duct,” (p. G7.) 

I am now glad to find, that the Umi well-founded charge of 
supineness, is for the first tune likely to be totally removed, by 
the exertions of the gentlemen of Shetland, which have been 
made this season, and winch are in the progress of being ex¬ 
tended to an unprecedented degree. 

It is, I believe, about ten or twelve years, since a few vessels, 
from six to thirty-five tons burthen, and carrying from six to 
eight hands, first prosecuted a desultory and uncertain fishing 
for cod off the coasts of Shetland. They seldom went farther 
to look for fish than the immediate neighbourhood of Foula 
and Fair Isle; and their success in general was very limited. 

some of the vessels thus employed the discovery of the bank 
is due. The first knowledge of its existence is contended for 
by three or more parties ; but the great probability is, that it 
was simultaneous, since the same cause, which was the uncom¬ 
mon fine spring of 1818, caused almost every vessel to seek 
for fish, at a more than usual di.stance from the coasts of Shet¬ 
land, and finding a Very abundant supply off the north of Ork- 
XSey, in the vicinityof the place which attracted Mr Neilfs at¬ 
tention, they fell m with the track of the cod-bank. * The prio¬ 
rity of the discovery is, however, most m favour of the vessels 

\0L. II. NO. 3.,jam'ary 1820. 
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i>f Jolin Ross, Esq. of Wecsclalc, wlio are said to have fished 
upon the bank late in the autumn of 1817, and so aware were the 
crew of the advantage of the fishing-ground, that it became 
their constant station during the whole of the ensuing summer 
of 1818. When I visited Mr Ross on the conclusion of the 
fishing last year, so unexpected was the sat cess which he exjie- 
nenced on tlie bank, tliat his jircparations to cure the great 
quantity or fish taken ntyt being suflicicnliy e.itensive, tliey were 
suffering from tlie want of beaches upon which they might be 
dried. I believe al.so, that a ves.sel from Scalloway shoied by 
six men, claims the merit of the discovery. 

Lastly, 1 am informed by Mr Duncan, from the autho¬ 
rity of anotlier party, “ That the bank was not discovered, so 
as to excite attention, until last year, that u small fishing-ves- 
sel belonging to Lerwick, which had been ferced off lier usual 
fishing-ground by unfavourable weather, fell in with it hy 
accident.” I can certainly add, that a little before leaving ShcU 
land, early in the autumn of last year, the knowledge of the 
bank was far from being general; and an excellent opportunity 
was afforded me m the island of Papa Stour, ol‘ witnessing, in 
the contrasted success of two vessels engaged in tlie cod-fish- 
eiy, a decided proof of the importance of the discovery. 
The skipper of one of the vessels obstinately persisted in look¬ 
ing for fish m the ])lace.s to which other vessels liatl been pre¬ 
viously accustomed to resort. The other skipper, wlio, having- 
formerly belonged to the Royal Navy, was accustomed to ad¬ 
venture, boldly steered at a considerable distance from” land to 
the fishing-bank, where he saw other vessels so profitably enga¬ 
ged. The consexjuent difference of success in each vessel was 
remarkable. Whilst sympathising m the disappointment whi^h 
the proprietor of die two vessels experienced in the empty 
liatches of the first sloop which came into the harbour, the subse¬ 
quent entrance of the other vessel, rich with the product of the 
new bank, amply compensated for tlie failure of the less atlven- 
turous crew. 

These are the circumstances I have to ’offer relating to the 
history of die bank, connected with its complete discovery. ,T. 
have now tS add, that its productiveness is established beyond a 
doubt by the experience of two seasons. One boat last year. 
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which fished nearly the whole season on the bank, or contigu¬ 
ously to it, took 11,000 fish, equal to 39 ton of wet fish, or 15 
ton of dried fish. I was indeed informed, that upon one 
occasion, a vessel with six hands took, in a single tide or day, 
1200 fish. Tljflp general result of the fishery, however, of last 
year, could not fairly Represent the productiveness of the bank, 
since the vessels which constantly resorted thither Avyre com¬ 
paratively few. Notwithstanding, thirteen vessels, from 10 to 35 
fons burden, and having from six to eight hands each, fished, up¬ 
on an average of each, 12 tons of dried fish ; when, in previous 
years, Uie average was 3 or 4 tons less. During tliis year, how¬ 
ever, a fair trial of the bank was made. The fishing season 
commenced in May and terminated in August. The number 
of vessels on the bank were increased from thirteen to twenty- 
five, and w'cre of various sizes, from 10 to 60 tons burden, and 
manned with from six to 12 hands each, boy.® included. The 
average quantity of cod taken, was much greater than that of 
previous years, lieing not less than 15 tons of dried fish for each 
vessel, when, prior to the year 1818, a sloop often took only 
6 or 7 tons, and never at the utmost exceeded in this resjiect 
12 tons. Some vessels, however, this year are understood to 
have obtained from 20 to 25 tons each. 

Having now put on record every circumstance relating to the 
recent di.scovery of the cod-bank, connecting, at the same time, 
this information with wliat is historically known of the cod 
fishing of the Dutch, nothing more remains for me than to state, 
as concisely as possible, the obstacles, as w'cll as encouragements, 
which appear to be incidental to the discovery. 

The obstacles incidental to the present mode of conducting 
th« fishery, chiefly refer to the subject of proper bait. That 
which is used by the Shetland fishermen consists of the connnon 
mussel, the Mytilus modiolus or yoags, a large species of 
whelk, and other shell-fish common to almost e\ery northern 
coast. These are found very abundantly in the numerous vocs 
and inlets of the country. Now’, the vessels depending for a 
supply of bait ujxin the coast are often obliged, when run short, 
t»r*«quit the fishing-bank with all expedition: they thusjcncounter 
a considerable loss. ^When the Dutch prosecuted the Shetland 
cod-fishery, they depended foV bait, in the first instance, upon a 



14S Dr ITIbbcrt on the Discovery of the Shetland Cod-hatik. 

supply of laniprcys, which they brought with them from their 
own coasts, and afterwards upon tlie nets which were intended 
for the same purpose to take herring. “ To hinder the too ra¬ 
pid motion of the vessel,” says Mr Low, “ which would prevent 
their lines from taking the bottom, each ^has what they call a 
dro\ e-sail, or one which hangs under water, and effectually stops 
her way. They can tljcn pursue their business at leisure.” 

With regard to the improvement of which the fishery is in¬ 
ternally susceptible, it has been suggested, that in case of a weak 
demand for diied fish, the preparation of what is called miul 
fsh may In* expedient. This preparation agrees wth the 
Dutch method when they fished oft‘ Shetlaml Soon after a 
cod was caught, it was split and laid in salt. When thus 
brought into the market, a barrel of cod fish, in May 1778, 
Iblched thirty to forty guilders, when one of herrings would 
not bring six. 

It is evident, with legard to dried cod, that the fish prepared 
in Shetland, will ever maintain its pre-eminence over the cod of 
other places The Newfoundland fisliermcn are described as ex¬ 
posing their fish, after it has been salted, on standing Hakes, made 
by a slight w^attlc, and supported by jioles often 20 feet from the 
ground. But the humidity is not near so well extracted from 
the fish as wdicn, according to the Shetland method, they aic 
carefully laid out ujKm dry beaches, the stones of which have 
been, during winter, exposed to the abrading action of the 
ocean, and are thus cleared from vigetable and animal matter. 

I am informed that the fishing season for cod might be suc¬ 
cessfully prolonged. It regularly commences in May, and ends 
in August; but Mr Duncan remarks, that stout vessels might 
be employed tlie year round, as the cod is to be taken at all sea¬ 
sons. 

It has been suggested to me, that a serious injury may arise 
to the cod-fishery of Shetland, if foreign nations are suffered to 
fish upon the bank, and thus bo allowed to enter into a compe¬ 
tition willi us in continental markets; alsp, that the bank can 
never become an object of much importance in a national point 
of viewv, iielcss an adequate bounty be paid on the <juantity*iu 
fish caught, whilst no restrictions are imixiscxl iii allusion to any 
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market to which it may be sent. The merits of these questions 
may be safely confided to the wisdom of the Legislature. 

I have now brought my remarks on the new cod-bank to a 
conclusion; and in selecting ^the statements laid before the 
public, although I have endeavoured to exercise every due cau¬ 
tion, it will be evident that, in estimating the true value of the 
discovery, it ought to bear reference to a complete and scientific 
survey of the whole liank *. Still it is impossible, ev^n v ith the 
imperfect information which we |)ossess on the subject, to view, 
without great satisfaction, ll\e advantages that it holds out in 
perspective. If it shall be found expedient to take a formal pos¬ 
session of this bank, which lines the northern barrier of our own 
country, we may calculate on a conbiderable and important ad¬ 
dition to our commercial intercourse with the continent. At the 
same time, in immediate reference to British subjects, avc give 
employment to a numerous body of seamen, whilst an opportu¬ 
nity is afforded them, by purchasing small shares of vessels man¬ 
ned by themselves, of' investing, to the greatest advantage, the 
profits of their several labours in remoter climates 

Lastly, the improved state of our coasting navigation may 
justify the expectation, that from this northern source, an eco¬ 
nomical and nutritious foiKl may eventually come within the 
reach of the populous districts of our manufacturing counties, 
the alleviation of whose distresses is at present so actively en¬ 
gaging the attention of the most enlightened of our ^coiintry- 
men. In fact, under whatever view we contemplate the disco¬ 
very, it affords matter for the highest congratulation ; and at a 
period when our country labours under unusual difficulties, eve¬ 
ry new accession to British resources will be hailed with double 

satisfaction. 

• 

Since drawing up the foregoing account, I have learnt, 
that the coast of Shetland has been visited by Mr Stevenson, civil 
engineer; and it gives me particular satisfaction to think, that the 

• The policy of an immediate examination of the exact situation, depth and ex¬ 
tent of the bank, undertaken by Government vessels, seems particularly obvious. 

It is worthy of remark, that several of the vessels which have fished tliis 
ason, have, for their*joint proprietors, sailors who have saved a little money m 
the navy or m the Greenland fishery. In Scalloway, a compan;f of this deservvg 
dais of people were highly succev*hil m the prosecution of their new object. 
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AccQunt (^M. Fresnel’s Discoveries 

opinion which I luive expressed ou tlie importance of the cod- 
bank, should coincide with the sentiments ol" a gentleman much 
better qualified than myself to form a true cstmiate of the va¬ 
lue of the discov er^. 


Jlut. XX\ 11.—-Accoitni of M. Fresjiers Discoveries respecting 
the Injlewion of'Lipht. 

XHE iitflexion or diJfroLtion of light is a name given to tlie 
coloured fringes or bands of light wliich are seen without the 
shadows of opaque substances, and to the dark and luminous 
stripes VI Inch are formed witlun the shadows of minute benhes, 
placed in a di\ ergent beam of hght attenuated by transmission 
through a small aperture. 

The successive labours of Grimaldi and Newton tlirew much 
light on this difficult brancli of physical optics; but it made no 
farther progress till the beginning of the jircsent century, when 
our distinguished countryman Dr Thomas Young gave a fresh 
impul.se to the inquiry, and enriclied the science with his beau¬ 
tiful law of interference. 

The application of this Jaw to various inexplicable phenome¬ 
na of colours, did not fail to attract the notice of different phi¬ 
losophers ; and such were the expectations i)f its leading to 
some satisfactory explanation of the phenomena of inflexion, 
that it w as particularly rcc‘ommc*nded by the French Institute 
to the notice of the candidates for the prize which this distin¬ 
guished body offered in 1818 for the best Theory of Diffraction. 
This prize was some time ago adjudged to IM. A. Fresnel, en¬ 
gineer of roads and bndges, a philosopher of the highest pro¬ 
mise, who had already signalised himself by his researches on 
the polarisation of light. 

His discoveries respecting inflexion are in the highest degree 
important, and cannot fail to be regarded as affording a strong 
confirmation of the Huygenian theory of light. We have no 
doubt, therefore, that our readers will be gratified with the fol¬ 
lowing summary of the principal results that 'are capable of bes 
mg stated in a popular manner. 



151 


rc»pect'mg the Inflexion (^' Light. 

1. M. Fresnel found that the fringe fi)rmod by inflexion 
may be examined by an eye-glass, witliout receiving them upon 
a white surface; and by adapting a micrometer to the eye-glass, 
he was able to determine theif breadths, even to the one or 
two-huiidredth part of a millimetre. 

2. By following ijie external fringes to their origin, by means 
of a lens with a short flxius, he perceived the third fringe at the 
distance of less than the one-hiindredtJ|i of a milliiwetre from 

• the edge of the inflecting body. 

f3. The inflexion of the passing light is influenced by the dis¬ 
tance of the radiating or luminous point from the inflecting 
liody, as appears from the following results. 

Distance of the radiating Distance behind the Angular deviation 

point from ttic Inidy. body where the or inflcMon of 

inflexion was inea- the red r<iys of 

sured. the first triiigc. 

100 mlliimttres. 1 metre. 12' C" 

(} mcties. 1 metre. S 53 

Hen<e it follows, that tfie ray suffers a less degree of in- 
flexio'i m proportion to the distance from which it diverges. 

4. When the inflexion of the same fringe is measured at dif- 
fierent distances behind the inflecting body, the distance of the 
radiant point remaining the same, it is found to be different at 
different distances ; and hence it follows, that the successive po¬ 
sitions of the same fringe are not in a straight lime, but form a 
curve, whose coneavitf/ is turned tozoards the imfleeting body. 
The lines w^hich join the different positions of the fringe of all 
the orders of colours, are hy|>crbolas, having for their common 
foci the radiating point and the edge of the inflecting body. 
In some of M. Fresnel’s experiments, the sagitta of curvature 
yas about 1 millimetre, or the 25tli part of ^in inch, which is 
nearly 50 times greater than the^error of observation. 

5. M. Fresnel mcas-ured the fringes produced by various bo¬ 
dies, and found, by accurate measurement, that they all pro¬ 
duced the same inflexion, tlie back of a razor giving the same 
fringes as its sharp edge. 

Results of a similar kind were obtained by Dr Brewster in two 
gpts of experiments, one of which was made m 17^, and die 
other in 1812 and 1813. He compared the fringe* formed by^ 
gold-leaf, with tho§e madejby masses of gold ; those formed by 
films which produced the colours of thin jilates, with those 
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formed by masses of the same substance. lie examined the ef¬ 
fects of platinum, diamond, and cork, in inflecting the light; the 
effects of grooves in metallic surfaces, &c, ; and of cylinders of 
glass immersed in fluids of the same refractive power: and 
from these he concluded, that the Newtonian theory of inflexion 
could not be true; that the inflexion was not produced by any 
force inherent in the bodies themselves, but arose from a pro¬ 
perty of the light itself, which always shewed itself when di¬ 
vergent light was stopped in its progress 

6. The fringes in the interior of the shadow, were fimt ex¬ 
plained by J)r Thomas Young. He shewed in the clearest man¬ 
ner, that they were formed by the interference of two jiortions 
of light coming from the opposite sides of the inflecting body. 
Having introduced tlie sun’s light into a dark room, through 
two small holes very near each other, he received the admitted 
light upon a sheet of paper from each of tlie holes separately, 
and observed no particular effect. But when tiie light was ad¬ 
mitted through both the holes at the same time, so as to inter¬ 
fere, a series of obscure and brilliant fringes was produced. 

M. Fresnel obtained a similar effect, by reflecting light from 
two metallic mirrors slightly inclined to each other, and whose 
surfaces were nearly in the same plane. The formation of 
these bands depends on the lengths of the paths of two inter¬ 
fering Jiortions of light When the paths are exactly of the 
same length, the two portions of light will form a brilliant fringe, 
having an intensity greater than that of cither portion. If the 
next brilliant fringe corresponds to a difference of jiaths equal 
to d, then other brilliant fringes will be formed when the dif- 
I'erences of the paths are 2d, 3d, 4d, 8ec. When the diffe¬ 
rences of the Jiaths are ^ d; d + ^ d; 2d-j- ^ d, or ^ d, y d, g d. 
the interfering jxirtidiis neutralize or destroy one another, and 
consequently produce a black fringe. The quantity d has a 
different value for the rays of different colours, and varies as 
the length of the fits in Newton’s theory. M. Fresnel has 
64 

found d to be ^ millimetro for red light. 

This beautiful theory of Dr Young is embraced by M. Fre^ 
nel. Both these }ilnlosopl)crs bad ascribed the exterior fringes 
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to the interference of the direct raj s w itli rays reflected from the 
margin of the inflecting body. M. Fresnel, however, has since 
found, that this explanation i» insufficient; for the real place of 
the fringe is sometimes tVfftli Vi millimetre different from what 
it should be ujjon this supposition ; and, at any rate, if the hy¬ 
pothesis were true, tl^^xtent and curvature of the margin of the 
inflecting boily would have an influence upon the intensity of 
the fringes, which i« contrary to expcrimtjnt. He is, therefore, 
obliged to admit, th^t the rays which pass at a sensible distance 
from the inflecting body, arc made to deviate from their primi¬ 
tive diucction, and concur also in the production of the coloured 
fringes. 

It is by no means easy to explain to general readers the hy¬ 
pothesis by which M. Fresnel has accounted for the fringes up¬ 
on the principle of interference; but we shall attempt to make 
it as intelligible as possible. 

I^et AME, Plate IV. Fig. 5. be a luminous wave or undula¬ 
tion, projiagated from the radiant, point C, and partly intercep¬ 
ted by the inflecting body AG. Then, if we suppose it divided 
into an infinity of small arcs Am, m'm, wM, Ma, n n', n'n" &c., 
M. Fresnel obtains the intensity of any point (P) of the wave 
AME, when it has reached the position BPD, by supposing 
elementary waves to be propagated from every point m, m', M, n, 
n', &c. of its preceding position at AME. These elementary 
waves are propagated in all directions, and with intensities sen¬ 
sibly ecpial when they do not deviate much from the perpendi¬ 
cular. M. Fresnel does not take into account the waves which 
arc much inclined, and which, according to his hypothesis, de¬ 
stroy one another; and in this way he determines the intensity 
qf the light resulting from the reciprocal influence of all the rays 
which are slightly inclined to the perpendicular. By thus com¬ 
bining the principle of Huygens with Dr Young’s law of inter¬ 
ference, he has obtained a formula which represents the obser¬ 
vations with surprising accuracy. 

7. The phenomena of inflexion are considered by M. Fresnel 
to be inexplicable On the Newtonian theory of the emission of lu- 
ijjinous particles ; while almost all of them may be directly de¬ 
duced from the Huygenian Theory of Undulations*^. , 


• Such of our readers as arc desirous of farther information lespecting M. Fresnel’s 
disrovcric.s, .ire^refcrfcd to the Ann. dc Chim. et de Fhys. tom. xi. p. 240 &. 33T, 
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Akt. XXVIIT.— So7ne addHtonal facts relating to the habitudes 
of the Hijposiilphurnia Acid, arid its union with Metallic 
Oxides*. By-T. F. W IlEiisraKi., Esq F. 11 S. Com¬ 
municated by tlie Author. ^ 

In order to procure the hyposulphite of silver in a state of 
purity, it is not enough to ]}recipitate a solution of silver by a 
neutral hyposulphite. This, as I have ohewn in a former com¬ 
munication, gives a mixture of the salt with sulphuret of silver. 
Nitrate of silver, somewhat diluted, must be poured into fi pretty 
strong solution of hyposulplnte of soda. A copious pi’ccipitate 
falls, white at first, but, as the precipitation jiroceeds, becoming 
gradually dirty, and at length quite brown, especially if too 
much of the nitrate be added. This precipitate, .separated by 
the filter and washed, must be treated with ammonia, which dis¬ 
solves tlie metallic salt, but leaves tlic sulphuret behind which 
contaminatcxl it. The ammonia being exactly neutralised by 
weak nitric acid, the salt precijiitates in a snow-white pow^der, 
which must be .separated and dried as quickly as pos.sible by 
violent expression, belween folds of blotting paper. This salt 
is little soluble in water, has a swe<*t taste, and undergoe.s spon¬ 
taneous decompositum very rapidly when kept exhaling sulphu¬ 
rous acid, and passing into a sulphuret, or, more probably, 
frtmi the analogy of the hyjiosulphite of lead, into a .sulphuretted 
oxide 

The habitudes of this acid with the oxide of mercury are not 
less singular than its rehitions to that of silver. The red oxide 
of mercury is readily dis.solved by a solution of hyposulphite of 
soda, w hile the alkali is set at liberty in a caustic state. The 
solution has a sweet but, at tlie same time, a mercurial taste, 
and speedily becomes turbid on standing, or on evaporation, 
even under an exhausted receiver, depositing cinnabar in abun¬ 
dance. The hyposulphite of mercury, then, like that of silver, 
though formed in opposition to the strongest affinities, is readily 
destroyed by the tendency of its metal to enter into a more inti¬ 
mate union w’ith sulphur. 

jjT ~~ —. ■—“ 

where the principal part of his memoir is published; and also to M. Arago's re¬ 
port upon It, in tom. xi. p. 5, 

■ Sec \ol. 1 pp. 8. and 396, 


■|- See \ol. 1 . |\ 2i. 
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Mr Herschel on tlie HypomlpJmrcnm Acid. 

IJyiiosulphite of Mercury and Potash .—On a quantity of 
orange carbonate of mercury, I }x>urecl a solution of hyposul¬ 
phite of lime: It blackened, aud a considerable portion dissolv¬ 
ed. Into this I poured an excesewi' carbonate of ammonia, which 
bcjiarated the very binall quantity of lime still remaining in solu¬ 
tion, but left the oxide of mercury, lleing cleared by filtration, 
carbonate of potash was poured in, when a white crystallised salt 
separated in abundance. The liquor, when moderately heated, 
.grew turbid, and deposited a quantity of vermilion of the richest 
colour, after wliich it underwent no farther decomposition, even 
by continued ebullition, and on filtering and cooling, deposited 
abundant crystals of the same salt. This is a double hyposul¬ 
phite, analogous to that with silver for its base. It is much 
more soluble in hot water than cold, and crystallises, in cooling, 
in spicular tufts, lly ctu-eful management, however, it may also 
he obtained in oblong rectangular tables, bevelled at all the edges, 
or, which comes to the same tiling, flattened six-sided prisms, ter¬ 
minated by two planes set on the longer edges ^'hese arc co¬ 
lourless and transparent, and their optical pro})ertics, on exposure 
to polarised light, present anomaliesof a very extraordinary nature, 
which may be described more properly on some other occasion. 

The action of oxide of lead on a liquid hyjxisulphite, is ana¬ 
logous to that of the oxides of silver and of mercury, but less 
strongly marked. When hyposuljihite of soda was ground with 
litharge, no sensible effect was pioduced ; but on allowing the 
mixture to stand twenty-four hours, the litharge became caked 
together, and its surface to some depth was found converted in¬ 
to a white mass. The supernatant liquid had now acquired a 
very sensible causticity, and immediately turned vegetable blues 
green. Sec. The decomposition, however, proceeded no farther, 
and was never complete. The brown and red oxides of lead 
produce no such effect, nor have any other of the metallic 
oxides or hydrates which I have tried any considerable action. 

I cannot forbear noticing here, thougli not relevant to the 
present subject, a phenomenon which occurred to me in the 
preparation of mercurial salts for some of the foregoing 
experiments. I had procured a quantity of the crystallized 
proto-nitrate, which forms when dilute nitric acid ^ is allow¬ 
ed to remain in a rtioderately warm temperature on excess of 
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metallic mercury. The action of water resolves this, as is well 
known, on a super and sub salt. The crystals being ground in 
a glass-mortar with repeated effusions of distilled water, the 
powder preserved its brilliant wJiiteness till the tliird or fourth 
affusion, when suddenly, while grinding and mixing it with 
fresh water, it passed to a sombre greeni?h-yellow hue, almost 
in an instant. I continued to grind it, and the colour height¬ 
ened ; blit, to my great, surprise, having desi.sted a few moments, 
my attention being taken off*, I found, on resuming the grindr 
ing, that the yellow-green colour had again disappeared, and 
the powder had passed to a light ash-grey, almost white, and 
seemed to have become rather more bulky and crystalline. In 
its chemical properties it had undergone no change, dissolving 
readily, as I had expected, in dilute nitric acid, and aff'ording a 
solution similar in all respects to that obtained by water in the 
course of the washing and grinding. 

As the quantity operated on was rather con.siderable (pcrhajis 
2 oz.), and the change of colour simultaneous over the whole 
mass, there is little doubt of a sudden subversion of equilibrium 
and a new arrangement of the molecules accompanying this phe¬ 
nomenon, though why it should take place at this precise epoch, 
seems difficult to explain, the abstraction of the acid having 
been going on gradually from the beginning. 

Snoeoir, ^ 

Nov. 1819. j 


Akt, XXIX .—of a Mlncmh^ical Journey through 
South, North and East Iceland^, by Mr John Micni.k of 
Hanau'l*. In a Letter addressed to Professor Jamkson.* 

At the fcxit of the Eyafialla-Jokulls, I satisfied myself that 
the Westmaniia Island?, \vhicli are eighteen English miles from 

• We regret that want of time forces u<t to delay the map iUu.strati>e of Mr 
Menge’s route, until our next Number.— to. 

•f- Mr Menge embarked at Copenhagen for Iceland on 19th May 1819, and 
reached the Westmanna Islands, off Iceland, on 9th June. After a .shor^stay 
there, he latAIcd on Iceland, and proceeded to Heikiavig, examining the country as 
he went Mong. From Rcikmig, he crossed the whole island to Skagafiord, a jour-* 
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Iceland, were formerly continuous with it ; and was informed 
that the volcano of Heirna-Ey, in one of the Wcstmanna Islands, 
was formed probably by a subterranean communicating canal, 
during an eruption of Eyafiallar-flokull. 

On the latter, as vfell as in the former, I observed tliree diffe¬ 
rent streams of lava, ^parated from each other by layers of trass, 
which apjjcar to liave been formwl after the erujition of the la¬ 
va, by ejected mas&s and volcanic ashos. In tlie loti'est bed, 
Vhich is a porpliyrifee lava, I observed imbedded fragments of 
granite, gneiss, and syenite. * The examination of these fused 
porphyntic rocks, made me fancy myself transported to the 
Lake of' Laach, on the banks of the Rhine; but as I expected 
to (Ind all the jircxhictions of Vesuvius and the Lake of Laach 
on the mainland of Iceland, I did not delay to search for them 
in tins quarter *f*. Although the trap-rocks (ilimige viassen- 


Hcy of great ditUculty and of much danger. He examined the north coast of Ice¬ 
land from Skagaliord to Myvatn, and from Myvatn he proceeded eat>tvi ard to Vopna- 
iiord, and then south-east to Eskefiord, Bcrafiord, and Hammersfiord. lie took his 
dcfwrture from Eskefiord on the 4th October, m a vessel bound for Cojienhagen, 
but which put into Leith, m older to discharge part of the cargo, when wc had the 
pleasure of making his acquaintance. During our conversations with him, we found 
that he had seen and examined more of the mincrological structure of Iceland than 
any of those tra\filers who had preceded him. We expressed a wish to have a 
short at count of his journey, and Mr Mengc transimtted to us in German the com¬ 
munication of which wc now present a translation to our readers.— Ed. 

• According to Mcnge, there is a ndge of rocks, extending under the sea from 
lot Westin.inrui Islands to the mainland of Iceland,—a fact illustraUvc of the opi¬ 
nion m regard to their fonner connection stated above.—E d. 

■f We insert the following notice respecting the Lake of Laach, in order that 
our readers may understand the allusion to it in the text. Trap, or volcanic tuil’a, 
a^punds around the lake, and incloses balls of porphyry-lava anA felspar-lava. The 
first, or porphjrry.lava, contains abundance of glassy felspar, mica, olivine, augite, 
and fragments of burnt grey-w'ackc, w'hiih pass into a kmd of pumice: the second, 
or felsjiar*lava, is a mixture of felsjiar and hornblende, and contains titanite, octa¬ 
hedral magnetit iron-ore, baiiyne, iolitc, sodalite, nephcline, &c. Around the lake, 
streams ol basaltU-lava., are to he seen. At Niedcrmennich, there is a quarry of this 
lava, w'hich is used for miU-stones, A few miles from the lake, there is a whole 
hill of tufl’a, containing pumcrous beds of leuate-porphyry^ m which there occur 
imbedded mica, sphenc, apd glassy felspar. Underneath these volcanic rocks, he por- 
pliyry.slate, and various other trap-rocks; and these again rest on grey -w oi ke, that 
rock on which all the trap-rocks along the Rhine rest. The Lakc*of Laach itself 
appears to be the crater eVaii cxlmc4 volcano.— I'.d 
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gehirge) in Iceland, as in most other countries, rest on granite, 
and its congenerous rocks, yet here they are less frequently se¬ 
parated from them by the clay-slate formation than on the 
Rhine, and in the Rhone, and "^"ogelsgebirge; yet the limestone 
connected with this slate formation occurs in the Westmanna 
Islands, viz. on the north side of Heynla-Ey and Barner-Ey. 
The limestone is compact and bituminous, with a strong argilla¬ 
ceous smell. All the lavas on Heynia-Ey and on Eyatialla-Jo- 
kull arc melted trajvporphyry, full of crystals of glassy felspar. 
I remarked, in regard to the latteir mineral, viz. the glassy fel¬ 
spar, that it became less and less frequent in the lava as we ad¬ 
vanced westward,—a circumstance which led me to the conclu¬ 
sion, that the principal formation of the whole iNland (which I 
consider to be trap-ptirpliyry) extends from S.E. to N.W., fi om 
which there may branch out in all directions the different mem¬ 
bers of the trap series 

In order to ascertain tlie accuracy of this iiderence, it was 
neccssai’v to execute a journey across Iceland from soutli to 
north, and which I accomplished from Geyser to Skagafiord. 
Unfortunately I obtained m this route but little satisfactory in¬ 
formation, owing to the great devastation occasioned by fire and 
water in this line of journey. The bounding points of lraj>jK>r- 
phyiy must be Klofa-Yokull on the south-east, and Dranga- 
YokuU on the west *. 

In the Rangaarvalle Syssel, which I passed through on my 
way to Reikiuvig, I could not make any observations, because 
the whole plain along the base of Hekla, proved to he an alter¬ 
nation of marsh, sand, and rapid streams. On the n\ er Thior- 
saa, I observed below a bed of volcanic sand, a species of tuff, 
with an obsidian basis. In the Guldbringc Syssel, which re¬ 
sembles a congealed Pandemonium, every rock has been melted. 
Although all the lava here is melted basalt, yet, it is worthy of 
remark, that the lava varies very much in its aspect, and may 
be described as forming three different kinds of tcriain. The 
first terrain is cracked in all directions, and the slaggy ma.sse.s 

• We recommend the reader to consult the map of. Iceland m Hcndcrson'i> 
amusing and i§tcresting work, entitled, “ Journal of a Residence in Iceland," 
"tind also the map of the south part of Iceland, in th<'.well known work of Sir 
George Mackenzie, Bart.— Ed, 
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appear confusedly aggregated together. In transverse sections, 
the lava presents five, six, or seven sided columnar concretions *. 
The mass or rock is compact, and differs but little from basalt. 
This kind of lava, which may be named basali-lava, has often 
flowed to a cons^erable extent, sometimes with a sm(x>th surface, 
sometimes with a surface resembling tliat of water when a 
gentle breeze begins to blow over it. Further, it is cavernous, the 
hollows or caverns appearing to have been formed by*internal 
iMjat during the cooj^ng of the surface of the lava. The se~ 
cond terrain is generally cithei* in waves, or the rock appears 
heaped together in masses, having a rough, denticulated, 
and knotted surface, which we cannot behold without horror, 
and over which it is impossible to travel more than four or five 
miles. The third terrain is formed of spumous lava, which is 
sometimes rolled into long and large cylindrical masscvs. Its co> 
lour is grey and red, and although much ironshot, is light. In 
this lava, we observe numerous small rose-hke forms, with small 
craters in the middle, through winch the flame had issued. 

From Hilleraa to lleikiavig, onwards to Vidoe, Essian and 
Mossfell, all appears to be unmelted; yet the rocks are not without 
marks of the action of heat. Even in the neighbourhood of Hav- 
nefiord, I observed a felspar lava, (greenstone), with druses con¬ 
taining ice-spar and augite crystals. I afterwards found this rock 
frequently alternating with trap rocks,—a circumstanccr which 
proved, in ray opinion, that this lava had not flowed m the form 
of a stream, but had been changed on the spot by the action of 
fire. The mass of the rock was more compact all around Rei- 
kiavig, and appeared as basalt at Vidoe. The amygdaloid for¬ 
mation, with alternate beds of wacke, basalt, trap-porphyry, 
grgenstonc, &c. first appears at Essian. This formation is often 
traversed by veins, which are principally of compact basalt, ob¬ 
sidian, greenstone, and which sometimes contain a quartz which 
includes iron-pyrites. The beds frequently contain jasper, opal, 
zeolite, and calcedmiy'. At Mossfell, there are beds and veins 
of an obsidianrhreeda, which passes into basalt-tuffa. 


• The fact of atream-ldva occurring in columns like basalt, has been denied by 
many naturalists; but the observations of Menge appear decisive as ^ this point.— 
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In my journey from south to north, I found a perjtetual al¬ 
ternation of true volcanic and pseudo-volcanic rocks. The lat¬ 
ter are principally formed by Water, or Aqmotts Volcanoes. 
At the Huemafell, near to the* Geyser, where there is ^so lava 
which has flowed, I found principally trap-porphyry. In a 
heap of debris brought down by the Bfei^wasser, I observed a 
number of masses which appeared like sandstone; but I was 
inclined 'to deny the 'existence of sandstone here, as I had not 
met with any quartz rocks which could afford materials for thij 
sandstone. I fimnd this rock afterwards in Nordland, and ascer¬ 
tained it to be an ironshot trap-tuft**. The Blafell, beyond 
the Geyser, is of pseudo-volcanic formation. We found here, 
besides hidf-bumt basalt, also a quantity of porcelain-jasper, 
which originated from the ironshot trap-tuff. The trap-por¬ 
phyry is here again the predominadiig rock. On the Blafbil, 
as well as on the Bald and Hoftsjokulls, the Neptunian destruc¬ 
tion is as dreadful as the volcanic lava of Kiolfell, which lies 
between the two latter. This destruction appears to have been 
occasioned by the glacier ice during the eruption of the Kiolfells 
and Baldjokulls. The whole country is so covered with ruins 
of rocks that it is with the greatest difficulty we can make our 
way through it. After passing these debris, we enter the valley 
of Suarta, and immediately into the lava-flood of the Kiolrhaun. 
Although every thing around us appeared solid and secure, we 
were often about to sink into rents of the lava filled with mud, 
which had been poured into them by snow and glacier-water. 
The lava of Kiolfell has the same kind of surface as that of the 
Guldbringe Syssel; but it is more of the nature of melted basalt 
than of melted trap-porphyry. On the edge of the Kiolen- 
rhauns, is situated the district of hot-springs named Huera-vel’ir. 
We now travel through an extensive district of volcanic sand, in 
which I frequently found small pebbles of obsidian, and of com¬ 
pact basalt-lava, to the valley of Blanda, through which the road 
leads to the rocky shore of Malefell. The structure of the trap 
formation of ISfalefell, on both sides of the romantic Firth of 
Skaga, is very striking. All the members of the trap series arc 
arranged above each other in horizontal b'eds. Some may be 

• Ihe •.imc spccjcs ol Hiip-tufl’octurj» nc\*r Kinghorn m Fifeshirc.—E». 
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inclined tx> view these beds as strecuns lava, formed at difPe- 
rent periods. With the exception of Malefell, and the Tinda- 
stoU, which axe tp be considered as the extremities of a moun- 
nnd which exceed all the mountains of the range in 
b^ht, aU thf other moi|Kitains appear of tlic same elevation, 
and hare a tabular form The beds of which these hUis axe 
composed, are Vhe followinga. Calcedony-wacJce. h. Amyg- 
dahid. c. Amygdaloidal Porphyry, •d. Trap-porphyry. e. 
0 Greenstone, f. Ba^lt. g. StdJbite-wacJee. h. Amygdaloid, with 
ChediOfSitei and generally we have again the same succession, ba¬ 
nning with calcedony-wacke “f*. On the Tindastoll, particu¬ 
larly on the east side, I almost fancied myself in the vicinity of 
Schemnitz in Hungary. 1 found here the whole formation of 
tliat neighbourhood. I observed very characteristic varieties of 
clay-porpliyry, which often pass into hornstoiie-porpbyry; also 
pitdistone-porphyry, pearlbtone-por|jhyry, and obsidian-porphy¬ 
ry. I was imiticularly struck with tfie rock-crystals, which we 
observed lining tlie cavities of the calcedony-wacke, and which, in 
hand-specimens, could not he distinguished from those found in 
tlie mine of Si Stephan in Hungary. The base of Tindastoll, as 
well as that of tlie whole mountain-range on the Firth of Skaga, 
is clinkstone-porphyry, to which also the porphyries just enume¬ 
rated belong. Ail the mountain-ranges of Iceland which bound 
longitudinal valleys, are disposed conformably with the dip of 
the strata of the clinkstone-porphyry; and I was surprised to 
tiud, that wliile the unaltered rocks extend from S.E. to N.W. 
the volcanic occupy a ridge extending across these from S.W. to 
N.£. I ascended the Tindastoll Iroin its cast to its west side, 
partly with the view of examining the rocks in wliich the obsi¬ 
dian, which occurs loose at its foot, is contained, and partly 
to explore the wacke, in which I expected to find the pre¬ 
cious opal; but tlie frightiiil and inaccessible nature of the 

* There is a view of the tabular trap-hills of the Skagafiord in the 8d volume 
of Henderson's Journal. They very much resemble the trap hills in Sky, Mull, 
and other parts of Scotland*—So. 

■f Mcnge names the bods from the predominating inclosed mincrnlt thus, in the 
caldbdony*wacke, it is calccdony uhich is the prmcipal included mu^ral.—E d, 

J It would appear froiq/he observations in the text, that the volcanic rocks fonu 
a great ridge across the Neptunian trSp-rocks —En. 

VOI . IJ. KOj 3. JANUARY 1820. L 
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rocks prevented aU research. On the west side of the summit 
of TindastoH, oI found obddian in roundish pieces* and in 
every possible valriety. I was stnick with the perjfeet” resm- 
blance of these to the varieties •found in Mfexico. I had the 
good fortune to find a great numba* of speoimen^of the echil- 
lerende, indigo-blue, green and striped kindsk The rocks in the 
vicinity of tlie obsidian appeared to be somewhat sla^^y, and 
resembled fhose of the pseudo-volcanic class. tThe amygdalpidal 
beds were intersected by an opening several hundred paces • 
wide, which I conceived might haA* formerly been filled with a 
vein of obsidian, thus affording a miniature representation of the 
great volcanic track which extends across the island, intersecting 
the trap-rocks. This appearance would enable me to explain 
the origin of obsidian from siliceous-sinter; the more particular¬ 
ly, as I had observed at the Geyser* and on the Huarevellir, the , 
siliceous-sinter inclining to obsidian. 

On the way from TindastoU to Skagastrand, I discovered in 
Haller Valley a vein of obsidian. The obsidian appeared to 
pass into that coal which we often find in beds of flmty-siate. 

The principal formation around Skagastrand is greenstone, 
which, like basalt, forms large groupes of columns. Nearly the 
whole of Spakonefell is composed of this greenstone, which very 
much resembles that of the Meissener in Hessia, difiering from 
it only in containing augite in place of hornblende. At Spa¬ 
konefell, I observed several beds of amygdaloid resting on 
the greenstone, in which the cavities were lined with the most 
beautiful crystallizations of analcime, chabasite, ^ and meso- 
type. On my departure from Skagastrand, at the entrance 
of the Valley of Laxa, I rode over a van of pitchstone, 
several hundred feet wide. In this mountain-chain, I cross¬ 
ed a valley named Vide, which appeared one of the most in¬ 
teresting geogiiostical spots in Iceland, but stormy weather, 
and want of time, prevented irie from examining it. The most 
beautiful trap-porphyry, with magnificent crystals of gJas- 
ly felspar; splendent calcedonics, pumice-porphyry, and mas¬ 
ses of quartz-slate, with crystals of iron-pyrites; and the va¬ 
rious colours of the rocky walls, all intimated very interests 
* hig phenomena in the district. From ^is to Liosavatn, I 
observed alternations of porph)nry and amygdaloid. On the 
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east side of liiosavatn, the streamdava begins. We ascended 
from Skalxandadiot to the heath of Fliots, and, passed through 
a long desert tradk of volcanic-sand to Myvatn, where a fright¬ 
ful scene of volcanic destructibn was ornamented by beautiful 
groupes of volcanoes. On the east, the majestic Herdabried * j 
on the 80 uth-e^t fit)fn Myvatn, the Blafell, Burfell, Skogama- 
hafell; on the north-west, Krabla, Hleirnuker, Eylifurfell, Gies- 
dallsfel], Guse^allsl'ell, which surround the smoking white sul- 
• phur mountain of•Namafell ; on the south, the Seltlandaiell; 
and on the north-west, the peaked Uindbclgias, with the nume¬ 
rous insular-looking eminences in the Myvatner lake, form a 
circle of volcanic mountains exhibiting every vaviel} of form. 
The lava streams of Heirhnuker, and the great black crust of vol¬ 
canic sand of Vogum, present a frightful appearance. We travell¬ 
ed over this dreadful \olcanic desert, until we reached Vopnafiord 
in Easter Iceland. The lavas, as far as Liosavatn, w^ere entirely 
basaltic; those of Hleirhuker somewhat porphyritic; while those 
of Herdubreid were the same as those of Eyafialla-Jokull. Ba¬ 
salt, amygxlaloid and trap-por])hyry, extend from Hofr in Voji- 
nafiord across the heath of Smorvaln. The Valley of Eliot is 
an extensive district of columnar basalt and porphyry, through 
which the rivers Jokullsau and Lagcrfliot have cut their channels. 
Wacke and amygdaloid are again the predominating rocks, Iroin 
the Valley of Zungen across the heath of Eskifiard to Eskifiord, 
The whole niountain-cham On the north side of llhodefiord, which 
is composed of bedsof amygdaloid, calcedony-wacke, trap-porphy¬ 
ry, and stilbite-wacke, terminates at the Grakall, iii the form of 
an ironshot calcedony-wacke, which rests on clinkstone-porphyry. 
The bed of stilbite-wacke often contains large cavities, which are 
dlled with that beautiful variety of calcareous-spar named Iceland- 
crystal, or double refracting spar. The calcedony-wacke is either 
ironshot, when it contains jasp(*r, stalactilic calcedony, and crys¬ 
tals of quartz; or it is without iron, and tlicn wc find, in place 
of the jasper, opal and calcedony. The beds of clinkstone-por¬ 
phyry alternate with obsidian, pitchstone and pearlstone porphy¬ 
ries ; and this tbrpiation appears to ftirm the basis on which all 


t 

• Hendorson gives a presentation of Hcrdabncd and the vicinity, in a plate A 
his first volumei—En ^ 
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the rcxjks of Iceland rest. The amygdaloid formation riseJB 
more from Eskifiord to Berufiord; and, like the formation \rhidi 
ends in wacke at Eskifiord, it also ends in amygdaloid at Ditt- 
pavog in Berufiord. In the Br^iddal, I saw different varieties 
of iron-basalt, which contained, in place of‘zeolite, ircqaently 
arragonite. I found the first traces of cros^stonj in cavities of 
amygdaloid, in the heath of Gaga, associated with chabasite. 
Whilst collecting specinfens of the different kinds of zeolite on 
the south side of Berufiord, I found the following bods of amyg- • 
daloid, with bases of wacke: 

1. Compact wacko. 

SJ. Wacke-amygdaloid, in which the cavities contain quartz. 

9. Wacke-amygdaloid, with quartz, stilhite, and apophylJite. 

4. Wacke-amygdaloid, with stilhite and green-earth. 

5. Wacke-amygdaloid, witli stilbite, much green-earth, and 
asbeslous-zeolite or hair-zeolite. 

6. Wacke-amygdaloid, with stilbite and mesotype. 

7. Wacke-amygdaloid, ^\ith mesotype. 

8. Wacke-amygdaloid, with mesotype, stilbite, and hair-zeo¬ 
lite. 

9- Calcedouy-wacke at thi’ foot of tlie Bulandstind. 

From Bt*riifiord I visited Haramersfiord, the most south-eas¬ 
tern part of Iceland I had an opportunity of examining. Here 
I saw a great lied of clinkstone-porphyry in the amygdaloid 
formation. This bed is exjxised at' Rbde-Skiuda, on the north 
side of Hammersfiord; and here I had the good fortune to find 
a series of rocks of the same nature of those which I was forced to 
pass without examination in the valley of Vide. Below a great 
bed of clinkstone-porphyry, I found a bed about six feet thick of 
pitchstone-porphyry, which passed on the one side into obsidian, 
on the other into jicarUtone-iiorphyry. The bed dipped to the 
N.W. under an angle of 40'’, and was traversed by small veins of 
compact basalt. The pitchstone is often araygdaloidal, and con¬ 
tains sphflcrulite*, balls of calccdony, jasper, magnetical pyrites, 
seldomer zeolite, and calcareous-spar, and only in the places where 
it touches amygdaloid. There is a small bcjd of \ihite slaty clay 

between tl^e porphyry-slate and the pitchstone. This bed* of 
----- 

* Sphaerubte occurs in the pitchstones vf Arran, which very much vetemble 
those of Haininersfiord.—En. 
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{tttch»ton(p->pQrphyry afforded me an expHnation of thd appear- 
^ ances in the obsidian bill near Krabla, where a similar bed ap¬ 
pears to hsave Iwfin completely melted. Masses of porphyry-slate 
vere sdU very discernible in the Krabla obsidian; and the sphae- 
rulite jn the.pitchstone, which the Jfire had converted into ob¬ 
sidian, appeared to be the same mineral as that found m Mexi¬ 
co, and described under the name EquinoUtCi and for which I 
would propose, as a more appropriate name, that^of Volcanic 
SphaeryUte, • 

In the island of Heyins! Ey, therc is only one place where 
fresh-water occurs, and it is in a track where volcanic rocks are 
wanting. On the Eyafialla-Yokull there are portions of trap-por¬ 
phyry still unmelted, and these afford fresh-water; but those parts 
which are in the state of lava afford none. The rivers Markerfliot, 
Thiorsaa, and Olveslaa, which flow through lava, arise from the, 
glaciers. All those parts of the Guldbringe Sy ssel which are cover¬ 
ed with lava, afford no fresh-water. At Cape Reikaness, there is 
a district of volcanic water situated in lava. In this district, also, 
there is a boiling marsh, of about 300 paces in circumference, 
which appears as if surrounded with fresh-burnt lava. The 
smoking parts which I dug up, were composed of a muddy hot 
mass, more or less mixed wth sulphur, and of various colours, 
as blue, red, &c. I extracted several hard portions from the 
hot muddy mixture: these I broke when cold, and found, that 
in the centre they had the characters of basaltic lava, but to¬ 
wards the surface gradually passed into indurated red or grey 
mud. On an eminence in the neighbourhood, I observed whole 
deposites of siliceous sinter. 

In the same manner as the hut-springs of ReiJ^ness produce 
mhva, we saw those of Krysmick form hasalty and those of the 
Geyser trap-porphyry. 

At Krysuvick in the south, and at Namafeli in the north of 
Iceland, are great chemical laboratories. In both places, we al¬ 
most see Nature in die act of forming sulphur, alum, silica, 
lime, oxide of iron, iron-pyrites, gypsum, basalt, lava, and por- 
phyry. 

• In Iceland, we* find volcanic and neptunian formations con- 
jmned; the connecdnglink between the two, bein^the Volcanic- 
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^ Neptunian formation, which ap|rears to be produced by hot- 
springs. In tl^e whole volcanic region from %‘e Giddbrioge 
Syssel to Myvatn the formation of the hot^rings is abundant* 
We often observe members of thO*nepturaan traps alternate with 
those of the volcanic-neptdhian bcries, and* also ^beds of true 
lava alternating with volcanic-neptunian trap. first occurs 

at ;^sian, Mossfell, Blaufell, Ericks and Bald-’j^okull, Tindar- 
Stoll, &c.; 'the latter at ‘Eyafialla-Jdkull, Ktolfell, HoflPqdkuH, 
and in nearly all the hills of Myvatn. Iti the whole southern 
track examined by Sir George Mackenzie, there is no pure 
neptunian trap, with the exception of some members of the se¬ 
ries at Borgarfiord, which alternate with volcanic-neptunian 
rocks. 

The lakes of Thingvalla-vatn, Huitaarvatn, Fiskevatn, Eiso- 
^atn, Myvatn, &c. were fbnnerly districts abounding in hot- 
springs, which have fallen in, and formed the hollows now occu¬ 
pied by tlie water of the lakes. Beside the well-known hot-sptihg 
districts of* Reikianess, Krysuvick, Gtfyser, Reikum, &c. in the 
south, there are many others in the middle of the island, and a 
great many in the neighbourhood of Myvatn, of which the most 
considerable are Hucraveltir, Naumafell, Oxehver, Testareiker, 
and those at Odadarhaun. 

We cannot maintain, that the silica in these hot-springs is de¬ 
rived from a quartzosc solution, because quartz is One of the 
rarest minerals in Iceland. The siliceous-sinter, with all the 
other substances afforded by the siliceous water, viz. sulphur, 
gypsum, alutay^-^le, &c. disappear as soon as the water cools, 
and the resi^offi^ is trap-porphyry, basalt, and even amygda.- 
loid. 

The neptunian formation predominates in east and west Ice^- 
land, yet not without some (x:casional intermixture of volcanic- 
neptunian rocks. The greater number of veins that occur in 
these rocks, ai’c volcanic-neptunian. 

Observations by the Editor. 

From the preceding short account, it appijars, that Iceland 
ic Ibrmed of^ four dasses of rocks, viz. Neptunian or common 
Trap rocks, Vdicamc-neptunian rocks, tme Volcanic rocks, and 
Alluvial rocks. 
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^ The Nepimikm Trap-^ccks are the same as those met mth 
and in our trap^iistricts in the Mainland of 

Seoliajidt 

,The following are enumerated: 1. Trap porphyry. % Clmk- 
etone porphyry. Claystone porphyry. 4. Homstone por¬ 
phyry* 5. Pitehstone porphyry. 6. Obsidian porphyry. 7. Pearl- 
sione porphyfly. Wacke. 9. Amygdaloid. 10. Greenstone. 
11. !^aa£lllt. 1^. Trap-tuiF. • • 

2. Th^ Volcank-^Neptuman rocks, those namely which Menge 
menntains are formed froift hot springs, are basalt, lava, tuff 
and trap poi^yry. These r'oeks are said to be readily distin¬ 
guished, even in haitd-specimens, from true trap-rocks, and true 
volcanic rocks, by their external characters. 

3. The true Volcanic rocks are lava, of which there are three 
kinds, Compact, Vesicular, and Spumous, also trass and tuft*. 
Neither of tliese two latter tribes* of rocks have hitherto been 
discovered in Scotland, 

4. The Alluvial rocks are formed of, debris from the three 

preceding classes. ^ 

The Neptunian trap-rocks extend through Iceland from 
i S. E. to N. W., and ore intersected by a great body of vol¬ 
canic rocks, which runs frpm S. W. to N. E., and therefor© 
cuts across tlie trap-rocks in the form of an enormous vein. The 
'rocks formed by hot springs, called Volcanic-Neptunian Eocks, 
are not confined to any particular tract; on the contrary, they 
are very generally distributed throughout Iceland. And, lastly, 
it appears, that all the perennial springs in Iceland flow from 
Neptunian trap-rocks, never from true Volcanic rocks ; but that 
hot springs issue from volcanic rocks. R. J. 


Akt. XXX.— Account of Discoveries respecting 
the Double Refraction and Polarisation of Light. Continued 
from Vol. i. p. 296. 

Peeiod II, Containing the Discoveries of Christopher 
Huygens ., 

A PEW years after the publication of Bartholinus’s work on 
Iceland crystal, the attention of the celebrated* Huygens was 
directed to the sul^ect oHlouble refraction. He was induced to 
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begin this investigaticfn prindpdly with the view of 
any objection %at might be drawn from the f&m discoveced 
Bartholinus, against his own theory of ordinary refracdotty 
he Was led to the pai-ticular Views which he has publishedi ftw 
a desire to assimilate the two classes of phenpmen^. , ^ 

’*'His researches on this subject form of his 

Traitideh LumierC) which is entitled Dj^V^drange refrac¬ 
tion du Crystal d'hlandc, This work ;Was ^opposed aboilt the 
year 1678, ami read to several of die learned individuals -who 
then composed the Academy of Sciences; but it waamot publidi* 
ed till the year 1690, when its author was resident in HoUwid. 

After a few preliminary observations, in which he gives Bar¬ 
tholinus the’“credit of having discovered some of the piincipal 
phenomena, he supposes ABEF, Plate IV. Fig. 1. to be a piece 
of Iceland crystal, and conceiving one of the three obtuse angles, 
wMch form the solid angle Cjj namely ACB to be bisected by CG, 
he calls the j)lanc CGHF, which passes through this line, and 
the side CF, the Principal Section ofihe crystal. 

If the surface A B is nol^ exposed to the sun, being all cover¬ 
ed but a small aperture K in CG, and if a ray IK is incident 
perpendicularly at K, it will be divided at the point K into tw% 
rays, one of which KL, wjll be a continuation of IK, while the 
other KM, will deviate from KL towards C, by an angle of 
6° 4*0', but will still be in the plane CGIIF. This ray wilt 
omerge at M in tlie direction MZ parallel to IK. Hence, since 
the point M, by the extraordinary refraction, is seen by the re¬ 
fracted ray MKI, the eye being at I, any point or aperture at 
JL, by the same refraction, will be seen by the refracted ray 
LKI, LK being parallel to MK, if I is very distant The 
point L will consequently be seen in the direction IIIS, and as 
the same point is seen by the ordinary refraction in the direc¬ 
tion IK, it will necessarily appear double. 

If the ray now falls in the direction NO, in the plane CGHF, 
making an angle of 73° SO' with CG, or nearly parallel to CF, 
which makes with FH an angle of 70" 57', it wUl be divided at 
O into two rays, one of which will be a continuation of NO, 
without refraction, while the other will be refr^ted in the direct: 
tipn OQ, hotlf rays being in tlie plane^ CG^HF. This is true 
of all planes parallel to the principal sfection. 
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llio^^er to d^ppffline the law of the two refracdpns, Huygens 
dttw upon a smboth surface a black lii^,- AB, Big. 2. and , two 
Inttl KML perpendicular to it, and haring th^r dist^ce 
greater or less, according tb the obliquity at which the re> 
fraction is to bp examined. The crystal being placed upon E,r 
so that AB is w, or p&raJlel to, the principal section EG, -place 
the eye above i?, the line AB will be seen ^ngle, but CD 
iidll be double. The ordinary image wtll be easily distinguish- 
^ from tbf extraonlinary image, from the latter bding ^ways 
in(#e elevated, or from the former remaining fixed in turning the 
crystal, while the latter revolves round the ordinary image. 

If the eye is now placed at I, perpendicular to ABj till it sees 
the ordinary image of CD coinciding with the part of CD with¬ 
out the crystal, let the point'H be marked on the crystal, where 
the intersection at E appears. the eye be now taken tp- 

wards O, in the same perpendicular plane, till the ordinary 
image of CD coincides wth^KL, and let the point N, where the 
intersection E now appears, be marked upon the crystal. The 
lines NH, EM and HE, the thickness of the crystal, being ac¬ 
curately nieasured, then joining NE and NM, the ratio of re¬ 
fraction will be that of EN to NP, because these lines are as the 
sines of the angles of incidence arid refraction NPH, NEB- lu 
this way Huygens found the ratio to be that of 5 to 3 at all in¬ 
cidences, as Bartliolinus had previously determined. 

In order to find the extraordinary refraction, he next with¬ 
drew his eye to Q, till the extraordinary image of CD coin¬ 
cided with KL; he marked the jxiint R, and consequently ob¬ 
tained by measurement the ratio of ER to ES, or the ratio of 
the Sine of incidence to tliat of refraction. By numerous obscr- 
vitfions, ho found that this ratio was not constant, but changed 
with the inclination of the incident ray. 

In cemtinuing his observations on the extraordinary refraction, 
Huygens found that it observed the following law: Let CGHF, 
Fig. 3. be the principal section, and SK, VK two incident rays 
equally inclined to the perpendicular IL, and KT, KX tlie ex- 
trawdinary rays after refraction; the distances TM and XM of 
these rays from the point M, where the refraction of jhe perpen¬ 
dicular ray IK cuts^ the base GF, will always be equal. This 
kw ii also true in the refracUon of the other sections. 
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Huygens ^iiext proceeds to expl^n his of doulde re¬ 

fraction, founded on the hypothesis of light beihg the unduktis>as 
of an ethereal medium. He supposes the ordinary refraotkwif to 
be produced by spherical undulations, propagated through' the 
crystal, while the extraordinary refraction arisesrtfrom spheroidal 
undulations, the form of the generating ^Hpse wing determined 
by the ratio of the two refractions. He their proceeds to shew 
that the deviation of the extraordinary ray,Calculated Upon diis 
hypothesis, agrees precisely with observatton. As? this part of 
Huygens' treatise is of a less elementary nature than the rest, 
we shall make it the subject of a separate paper in mir next 
Number. 

Huygeni Discovery the Polarisatirm of Light —After lie 
had drawn up his treatise on double refraction, Huygens disco¬ 
vered what he calls “ a 'ttsoi^derful phenomenon,*’ or tlie jiola- 
risation of the two pencils of light formed by Iceland spar. Ha¬ 
ving taken two pieces of leekind crystal, and held thcmi with a 
space between, he found that it' all the sides of the one piece 
were parallel to lliuse of the other, as in Fig. 4, the two pencils, 
BC, BD, tt>rnu‘d by the doul le refraction of the ray AB, were 
not doubly rehaded in passing through the second crystal in the 
lines EF, GlI; the jiencil l)G, which had been regularly v^imeX- 
cd by the first crystal, being now only regularly refracted by the 
second, whil(' the pe ncil CE, which had been exit aordinarily 
refracted b}/ the fif'-t, was only eatraordinarily refracted by the 
second. Tilt' \ ery same result look place, not only in the posi¬ 
tion shewn in the figure, but in all other positions, where the 
principal .sections of the two crystals were in the same plane, and 
whether the two surfaces were parallel or not. Now, it is 
wonderf'ul,” says Huygens, “ why the rays CE and DG, inci¬ 
dent from the air upon the lower crystal, should not divide 
themselves like the first ray AB. One would say that the ray 
DG, in passing through the upper crystal, must have lost what 
was required to move the matter which served for the extraordi¬ 
nary refraction; and, in like manner, that CE had lost what 
vt^as liecessary tA tnove the matter which served for the ordinary 
refractioti.^, , There is, however, another fact which overturns 
this reasonii^, which iS,* that whe^ we arrange the two crystals, 
!So that the planes which i^m the principal sections cut one mo- 
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ther ttt hi ang|i?s, then* whether the surfaces are parallel or 
not, ^/V 'OQwhkh procead^ from ifte ordinary 
mjkfj, <niif thi eodrcmdinary rf'ractmi^ In t/tc Imti 
and the ray CE tt>hich proceeds from the extromdt»re¬ 
fraction, swffe^ only the ordinary rfretetion. Bu' m all 
the other positilms, irtfhiite in number beside those which I have 
determined, the mys^ DG, CE divided themselves into two by the 
refraction of the lower crystal, so that from the single pencil AB 
there arc £;»*med four pencils, sometimes of equal brightness, 
and sometimes of diffet^nt brightnesses, according to the diffe¬ 
rent positions of the crystals, but which do not seem to have 
more light, when taken all together, than the single ray AB. 

“ When we consider (Uie rays CE, DG remaining tlie same,) 
that it depends on the position of the lower crystal whether tliese 
lays are divided or not, while the ray AB is alwu)-s divided; 
wc ai'c obliged to conclude tlut the weaves of light, in order to 
have passed through the lii&t crystal, have acquired a cei'tain 
foim or arrangement, m virtue of whicli, by meeting the texture 
of the second crystal in one poHtion, they aie capable of moving 
the two dilfeuiit matters winch serve for the two kinds pf re¬ 
fraction; wink by meeting the second tryital vo. another posi- 
iim, they have not the power of moving any of these matters. 
But m what manner this happens, I hav e not been able to form 
any satisfactory conjecture.” 

( To be continued ) 


Art. XXXI .—On a singular De'oehpcmni of CrystaMine 
Structure by Phosphorescemc. 

Xn prosecuting the experiments on the phosphorescence of 
minerals, published in our last Number, we observed a very re¬ 
markable phenomencm in a specimen of blue fluor-spar. When 
a thin slice was cut from this specimen, so as to be transparent, 
it resmnbled a leaf with veins inclined to the ridge or central 
line which divided it into two patts. The central line, and 
sevpral of the veins were colourless.; while some of the veins 
were of a deep ameAyst colour, and others of a pafe amethyst 
eolour. 
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Upon frfadng this slice on a hot iron, in order to examine itfi 
phosphorescence, I was surprised to observe that^the j»fto4i;pAo* 
rescent maMer was arttmged in strata or veins paraliel to those 
of the specimen, and each stratum emitted a phosphoric hgbt 
peculiar to itself, and differing from that of^e other strata 
either in colour or intenritj. Some of'tlie vd&js dischai?ged a 
purple light: others a yellowish-green lightf others a whiUsh- 
light, and others exiiibited no phosphorescence at all. The 
most singular circumstance, however, was, that die differeat 
strata of phosphoric light preserved their boundaries sharp and 
well defined, and were far more minute and numerous lhau the 
strata seen by a microscopical examination of the specimen. 

TIhe discharge of the phosphorescent mattei*, therefore, had 
displayed an arrangt'mcnt of strata which could not have been 
detected cither by the optician or the mineralogist, in the same 
manner as in a piece of chalky Tabasheer of an uniforni wliito- 
ness, a veined structure is exhibited after the partial di&chai'ge 
of the oil which it had unequally absorlied. 

In a future paper, we shall have occasion to point out tlie 
condubions respecting the cause of jihosphorcscence wh'ch are 
indicated by this and other experiments. D. B. 


Akt. XXXTI.— Some Auountof Professoi Amlioi’s Dmeweries 
relative to the Motion of the Sup in Plant') 

PROFEssoa Amict, in the course of a series of experiments 
wiUi his newly invented catoptneal microscope, in which he em¬ 
ployed only very small and delicate objects, and such as seemed 
to promise some interesting discovery in respect to their orgafii- 
zation, made sonic very i*cmarkable observations on the motion 
of the sap in the stonewdrt plant (Chara, Lin.), which ho com¬ 
municated to the public in a short treatise, afterwards inserted 
in the 18th vcfiume of the Memons of the Italian Society. 

So long ago as the year 1774, the Abbe Corti had remarked 
a sort of circulation of the sap m this very simple plant f. With 

- - - I ■ - . I ■ . ■ ■ _ -^ '-.-r- 

• Translatsd from Gilbert’s Jttnakju 

-f* Oaservaatoni mtcrotrojiieiie avlla Trem^a e avUa mreolasione idflmdo tA tend 
fianta aequajuda, deft Ahate ||anav»flU)ra Cortt> Ptof- dt Fimo^ ^e. Luee^ 
ITTi. mo. 
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the aid of his microacope* Amici haa now diacovered in it new 
laws of modloi an^ new organs, which hoi escaped the ohserv^ 
tiOnI of Cord, and which tlirow new light on the physiology of 
plants in general, and particukri.y on the mudi contested po¬ 
rous tubes of Mirbel* and their functions in the economy of 
plant^:.. ProfeSiV Amici’s experiments were made.^W the 
year 1814 to ISifi; they were carefully noted in his‘journal, 
and are now fully and mrcumstaiitially described m the memoir 
to which 1 # have alluded. The following is, in substance, the 

resultnf his observations. * . ^ i, 

in ah the parts of this plant, in the most delicate fibres ot t e 
root, as well as the finest green tendrils of the stem and branches, 
we may observe a regular circulation of the sap which they 
' contain; while transparent globules of various sizes are con- 
stanUy and regularly moving in uninterrupted circulation, with 
a velocity gradually increasing from the centre towards the 
rides in two opposite alternating Streams, up and down, in the 
two halves or sections of the same rimple eylindrical canal or 
vessel (separated by no partition), which ruris lengthwise tlirough 
the fibres of the plant, but which is interrupted at certain inter¬ 
vals by knots, and closed up by a partition which limits the cy- 
clus. The circulation proceeds thus throughout the whole 
plant, and in all its fibres, from one knot to another; “J 
every tract or portion Umited, as above described, m itself, and 
totally independent of tlie rest. 

In general, the motion is perpendicular up and down; m 
some fibres, however, it is spiral, so that the ascending streamy 
which were seen at first on the right hand, appear next on the 
left, and vice versL In tlie fibres of the root, tlie circulauon is 
Aiite rimple, as only one single cen^ canal appears; but in 
the green tendrils of the plant, the great cent^ canal is sur- 
rounded by a number of similar sihall vessels, which have 
all a rimilar structure; but in each divided from it by ap¬ 
propriate partitions, so that they may be com^ktdy separated 
from it, each of them having a similar .^^rpendicular or spiral 

"circulation pecujiar to itself. k i f 

•If one of these vessels lie sligh^y tied, or benUn an acute 
aigle, the circulation will be interrupt^, as in the case of a 
, tural knqt, and ivill then proc^d and below the lyature 

or bend, as before, along the wfiole tract. When restored to ite 
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forraet* situadon^ the origiiud motion will also be renewd^dvfnibi* 
vided the plant has not been essentially injured in that plaee|^ 
the forced situation has not been too long maintained. The 
circulation will also continue in'the one half of the tracts after 
the other has been cut olF above tlie ligature. , 

If one of the vessels be cut tlirough rightj^across, the sap 
which it contains will not immediately and chtircly flow out^' 
but onl 3 ( that of the one half,—tlie stream, namely, which is 
flowing towards the cut,—while the other continues its courses 
Vinegar deadens the motion, and even prevents the flowing of 
the sap out of a divided vessel. 

The vessels are formed of an exceedingly delicate, smooth, 
white, transparent membrane, with regular, parallel, greenish 
stripes, running in a perpendicular or spiral direction, according 
to the direction in which the sap circulates. Between the 
stripes of each half of the vessel, that is, between the two 
streams which run up and down, thea'e is always a smooth inter¬ 
val of the membrane without stripes, of the breadth of five or 
six, or more stripes. Of these smooth intervals there are two in 
each vessel, exactly opposite to each other, and of equal breadUi; 
and, between them, the stripes (which, so far as the vessel is 
perfectly cylindrical, ai’e divided by the intervals into two equal 
semicircles) are equally distributed. 

These stripeless intervals, which exactly intersect the diame¬ 
ter of the circle <jf the cylindrical vessel, form, as it were, the 
partition between the two streams; and here there is indeed no 
motion of the sap globules, or, at most, a very sluggish and inter¬ 
rupted circulation. These stripes, of which aliovc an hundred 
may be counted in both semicircles of the vessel, are raised and 
fastened to the internal part of the membrane, and of different 
compactness and strength. Whci'ever; they appear most com¬ 
pact, riiickest, and strongest, and generally in that neighbour¬ 
hood, and consequently towards the sides of the vessel, we shall 
always remark the strongest and most rapid motion of the sap 
globules. These stripe.s, therefore, have an evident influence 
on die mode and degree lof the circulation. 

When magnified 207,025 times'^, tliesc stripe^ appear to be 

* 465 times, acctaiiing to the usual modh^c^ rcckonufig;; Amici the 
atfled niperficies, and 455 =: 1 
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cqfBa;po8e4>^‘ small grecsn globules, or smaU bodies of m irregu¬ 
lar as if strung together like the besuls of a rosary. They 
are distinguished from the sap of globules by their green colour; 
and they do not mix with them •when flowing^at the same time 
out of the divided payt of a pl^nt into water. 

If the vesselme divided, many of the stripe-globules near the 
cut will separate ifrom the membrane; those more remote, how¬ 
ever, will remain attached to it, and preserve their stripe form, 
only their direction wiU undergo some change in consequence of 
the lost tension, and the stripfis will appear bent into various 
curves, outwards or inwards, and in some places unnaturally ap¬ 
proached to, or removed from each otlier; and in this case, the 
motion of the sap-globules, so far as it still continues, (for we 
have already observed, that all the sap does not flow out at 
once,) foUoAVS this new unnatural direction, and appears to pro¬ 
ceed most rapidly in those places where the stripes have acci¬ 
dentally run thickest together. 

If the membrane of the vessel be gradually pressed, all these 
stripe-globules may be forced by degrees in a mass out of 
the aperture made by the cut; and the membrane will then ap¬ 
pear quite smooth, pure white, and tmnsparent as glass. Vine¬ 
gar causes these globules to come out singly, or in pairs, or 
several hanging togetlier, like fragments of a chain, -and then 
they appear hound to each other by an extremely delicate mem¬ 
brane. * 

Now, as the cause of the constant and rtgular motion of the 
sap in this plant cannot possibly be ascribed to any of the pow¬ 
ers liitherto assumed by vegetable physiologists,—-the capillary 
attraction, the alternate contraction and dilatation, or the irrita- 
Itility of the vessels, because these are evidently quite passive; 
while, upon the other hand, the symmetrical stripes above de¬ 
scribed, as composed of small globules, exhibit the most obvious 
influence, not only on the mode, hut even on the degree and reality 
of the circulation; Amiri conceives himself justified in assuming 
as an hypothesis, that these stripes are to be considered as vol¬ 
taic piles, and that*the motion itself is to be attributed to the 
influence c£ galvanic agenc^; and- this hypothesis seems to be 
supported, on the one hand, by the construction of tfiesc stripes, 
and on the other, by the kndwn fact, (although perhaps not yet 
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sufficiently ctmfirmed,) that by means at* this agents (galvanism,) 
water may be conducted over from the positive to the negative 
pole, raised, contrary to all the laws of hydraulics, above the 
level, and brought through tho* pores of a bladder, which, but 
for it, are otherwise im})ernieable. 

It is rather remarkable that another natural Idiilosopher was 
engaged in these curious and delicate investigations at the 
same time with Amioi, and with the vety same plant, and 
published the result of his observations. in the same year# 
We allude to that eminent German botanist, Dr Martins, 
(at present naturalist to the King of Bavaria in die Brazils,) 
who, in the year 1815, wrote a treatise on the structure and 
the nature of the Charce^ which was read at the Royal Aca¬ 
demy at IVIunich, and pnnted m the Transactions of the 
lieopoidine-Carolinian Academy of Naturalists (Nova Acta 
Physico-niedica), vol. i. Erlangen, 1818, 4<to. Dr Martins in¬ 
vestigated the internal orgaiii/ation not only of the Chara vul¬ 
garis^ (to vhich the experimenls of Amici were confined,) but 
also of the Chara Jicxilis and hispida ; and ho has communi¬ 
cated bis observations very minutely in the niemoii* to which we 
have alluded, and to w'hicli we must at present refer our read¬ 
ers. 

Previous to the experiments of Amici and Martins, Professor 
Treviranus of Bremen had made similar observations on the 
motion of die sap in these plants, but without attempting to 
ascribe it to die same principle which is adopted m Amici’s hy¬ 
pothesis *. 

The preceding observations denvc still greater importance 
from the circumstance, that Professor Amici thinks he has dis¬ 
covered a similaj* organization in various other plants, particiji- 
larly the Troparolum mqjus and Himulm lupulus^ which he exa¬ 
mined for the purpose of investigating the porous tubes, discover¬ 
ed by Mirbel, and observed by other vegetable physiologists; 
and he also thinks himself justified in believing, dial die small 
granular substances which Sprengcl found in the cells of* some 

plants, and which frequendy exhibit a regular position, are in 

« __ 

* See Obaervatiom on the motion of ike granular substance in some Conferva*, 
and one Chara, in Weber’s Contributmu to Jfatural Utstory, vol. u. Kiel, 1810, 
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reaUty similar stripe-globules, forming a amilar galvanic appa- 
ratus. It appears to him, therefore, by no means improbable, 
that the cause of the motion of the sap in all plants may be 
traced to the same principle power, although under a va¬ 
riously modified organization. 

Amici had ^prepossessed against the porous tubes of 
Mirbel, which he considered as striped vessels, similar to those 
above described, end the alleged port^ he held to be nothing 
^more than symmetrically arranged globules, which, by an opti¬ 
cal illusion, had the appearance of being perforated in the 
centre. Notwithstanding tliis preconceived opinion, however, 
and the natural prejudice in favour of his own theory, he became 
convinced of the contrary, discovered real pores, but found, at 
the same time, that these vessels were not sap, but really and 
indisputably air-vessels,—a fact which Link had previously 
maintained. Professor Amici farther discovered, that the tuhi 
fibrosi of this and several other plants, which are their proper 
sap-vessels, possess similar stripes and globules. 

We understand that this ingenious jihilosophcr has also made 
some very interesting observations respecting the structure and 
motion of the globules in the bloodvessels of animals, which, we 
trust, will soon be communicated to the public *. 


Aut. XXXIII .—Minerahgical Report, made by the Chief En¬ 
gineer of the Grand Duke of Tuscany to his Serene High¬ 
ness, respecting the Island of Elba "f*. 

PORTOFicuRAio atid the forts of La Stella and II Falcone, are 
built upon a hill of grey argillaceous schistus, as may he easily 
observed on the sea-side. 

On the right of the road from Portoferraio to Rio, a short 
distance from the Porto del Ponticello, is a hill of indurated 
clay, containing crystals of quartz, some cubical, some irregular. 


• A notice Amici’s discoveries respecting the form of the globules of blood, 
will be found in the Edtii. Med. Jouimal, vol. xv. p. 120.—Ed. 

•j- Extracted, by permission of the author, from Mr H. W. Wiiliains mtezaeW 
ing Truvela, about to be published.—4 Jd. 
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In ninny places tbe rock has crumbled into a common clay^ in 
wliich the quartz crystals arc scattered unaltered. 

Advancing towards Rio along the sea-shorc, we pass the salt¬ 
works t)f portoferraio. Tbe hiljs are still composed of argilla¬ 
ceous schistiis, covered at the suiumit by limestone. Rio itself 
stands upon a hill, in which tlie schistus. gnd lij^iestone are dis- 
j)oscd in alternate beds. , 

Betwoen Rio and Pgrtolongonc the only subject of interest is 
the mine of Terra Nera, which lies to the sputh-east of the lat¬ 
ter city. • 

Between Tongone and Capoliveri lies the plain of Mola, 
which, although the most fertile soil in the island, is abandoned 
to stagnant waters, and consequently to malaria, which renders 
it uninliabitable. 

Capoliveri stands upon an argillaceous schistus, over the sur¬ 
face of which he fragments ol‘ serpentine and limestone. In tlie 
vicinity is the Monte Calaniita, oi* mountain of loadstone, so fa¬ 
mous all over Europe, and which, if well managed by the go¬ 
vernment, w'ould alone insure a subsistence to the wretched in¬ 
habitants of tbe island. 

In the district of San Pciro, to the west of Capoliveri, is the 
great granite r|uarry of Sacchetto, wliencc, it would appear, that 
the ancients drew many of their columns. Three of the columns 
in the portico of the Pai theiion, arc of a similar stone. There 
still exist on the sjiot, in an unfinished state, several columns lu- 
scribed Opera Pisaixa, and a basin of great diameter. 

Marciana is built upon the prolongation of tlie Granite Moun¬ 
tains, now sinLing under llie sdiistus. The mountains inland 
from it are the highest in the island, and so rugged as to be 
nearly inaccessible. Proceeding round to Portoferraio, we find 
nothing but the argillaceous schistus. 

Small as the island is, it contains minerals which might pro¬ 
duce an immense revenue. 

Its mines of gold and silver maybe overrated, but the granite 
and raaible quarries arc of immense value, and copper and sul¬ 
phate of iron form two lucrative branches ©f trade. The load¬ 
stone of Capoliveri, and the iron of Terra Nera, might be work¬ 
ed to any« 2 xtent, did not the government throw obstacles in the 
way of exportation. 
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The small Island of Pianosa, immediately adjacent to Elba, 
now entirely uninhabited, mi^ht Ijc cuhivated to great advan¬ 
tage. The ancient roads still remain, as also the ruins ol’ baths. 
It has a great extent of lancj^^t for the plough ; 600 head of 
cattle might find pasture; and the olive and vine thrive well. 
Napoleon had beg-un b) repair the harbour, and build a fort to 
protect it from th6 Algerines, and at the same time to clear out 
the fountains still ift existence. Now, however, all tfiese im- 
jJrovemcnts are abandoned, and Pianosa remains uninhabited. 


Aut. XXXIV.— Quarterly Jlsiract of live Divnml Variation 
of the Magnetic Needle. By Colonel Bkaukoy, F. R. S. 


Monthly mean Variation of the Magnetic Needle, 
Variation West, 




1817 

1818. 

1819. 


' Morning, 

24-^ 81' 16" 

24“ 34' 40" 

24" 32' 33" 

Aug. 

Noon, 

24 42 51 

24 45 58 

24 42 49 


Evening, 

24 38 45 

24 37 50 

24 34 24 


IMormng, 

24 33 02 

24 34 29 

24 32 29 

Shpi . 

Noon, 

24 11 36 

24 45 22 

24 41 35 

1 

^ Evening, 

24 34 38 

24 37 28 

24 33 27 

( 

Morning, 

24 31 06 

24 35 36 

24 33 27 

Oct. 

Noon, 

24 40 46 

24 43 28 

24 40 08 

i 

^ Evening, 





Art. XXXV.— of the Royal Society of Edin¬ 
burgh. 

m 

Nov. 15. 1819. A Paper by Dr Brewster Avas read on the 
subject of Circular Polarisation., a name by which he proposes 
to distinguish the phenomena first discoA'ered by IVI. Arago, 
along the axis of Rock Crystal, afterwards analysed by M. Biot, 
and subsequently discovered by IVIM. Biot and Seebeck in seve¬ 
ral fluids. M. Biot had shewn, that in some specimens of rtick 
cryslol, a certain succession oif tints was produced tiiniing 
the analysing prism direct fr|»m Right to Left., while in other 
specimens, the same succession was developed by turning the 
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prism in a retrograde direction from left to right- He detected 
a similar difference in fluids ; and he concluded, that the cause 
of the })henoiuoiia resided in the idtimatc particlcb of silex and 
the fluids, and was entirely iiicl^p<;ndent of their mode of aggre¬ 
gation. ^ 

The prlncijial object of Dr Brewster’s paper, was to describe the 
co-existeneo of the direct and retrograde structure m the same mi- 
ncral, and the entii'c extinction of the circular polarisation in the 
stratum which intervened betwgcn die two opposite structures. 
He discovered traces of circulai polarisation in cry.stals with two 
axes, and detected some new^ projierties of this interesting speties 
of polaiisation. Several arguments were adduced to shew, m 
opposition to tlie opinion of M Biot, that in the ca,se of cry¬ 
stals, or of solid btxlies dissolved in fluids, the properly of cir¬ 
cular polarisation cannot belong to the ultimate particles. 

Nov. 29 .—At a general meeting of the Society, the foliow- 
ing gentlemen were elcH;ted Office-Bearers and Counsellors ; 


Sir Jamfs Hall, Baionet, President. 




Vice-Presidents. 


Right llonoiiidtile Lord C5ray, 

Hon. Lord Gleulcc, 

Dr Brewstei, General Secretary. 
James Bonar, Esq. Treasurer. 
Thomas Allan, Esq. Curator of the Aluseuni. 


PHYSICAL CLASS. 

Sir G. S. Mackenzie, Bart. President. Professor Alexander Irving, Secretary. 
Counsellors fiom the I’hysical Class. 

Ml .James Jarduic. Ldbcrt Lamg Mutison, Esq. 

Iloiiourahle Captain Napier. Profcssoi RusseL 

Di A. Duncan jun. Dr Hope. 


LITERARY CLASS. * 

Henry Mackenzie, Esq. PreMdent- Tliomas Thomson, Esq. Secretary. 

Counsellors from the Literary Class. 

Reverend Dr Jamieson. Sir John Hay, Bart. 

Reverend John Thomson. Professor Chnstison. 

Reverend Dr Brunton. Hon. Baron Clerk Rattray. 

Dec. G.—At this meeting, a paper was read, containing fiirthcr 
paniculai^s re-spcxiting the slide at\Alpnacli, and a notice respect¬ 
ing its recent demolition. This ’xiper is printed in oui’ present 
number, p. 112. 
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Dr Brewster laid before the Society a notu'c respecting the 
devclopement of crystalline structure by Phosphorescence See 
tins Number, p. 171. 

A paper by Mr C. A. Bush^ was likewise read, containing 
an account of a method of forming parab()lic‘ surfaces, by giving 
a rotatory raoAon to-sf stratum of fluid. I'he mechanism for 
this purpose, consists in a combination of Uie principle of the 
syphon with that ofi Barker’s mill. Tke author proposed to 
Apply this idea to tht formation of mirrors for large telescopes. 


Art. XXXVI.— Proceedings <f the JVc77irfian Natural His~ 
terry Society. 

Nov. 27. 1819- Two commiinicutions from T)r Traill of 
I..ivtTpool w'cre read. The fiist contained the description of a 
new sjiocics of Simla, resc'inbling the I’reaclicr Monkey of Pen¬ 
nant. It IS common in the forests of Demeiary, and five speci¬ 
mens were sent to Kngiand in 1817, by Charles Kdmondston, 
Esq.; but the species docs not a])pear hitherto to have been de¬ 
scribed. It is distingmslied by the liead being black and beard¬ 
ed ; tail not prehensile, thickly set with black hairs, claviform; 
the body below is black, but tlic back is w'dl clothed with an 
oc}iry-ct*lourcd fur. This gives the animal the appearance of 
being furnished with a jacket, and from ihis circumstance Dr 
Traill proposes to give it the trivial name of sa^nlata. The 
other communication consisted of the description of a new spe¬ 
cies of Fclis from Guyana, also sent home by Mr Edmond- 
ston. It is nearly allied to the Puma of naturalists. It has a 
long tail; the whole body is spotless, and of a clear reddish- 
brown colour. Dr Traill proposes to distinguish it by the name 
of Felis unievhr. 

At the same meeting, the first of a series of ornithological 
papers, by Dr Fleming of Flisk, was read, containing a minute 
description from naKire of the AVatcr-rall, with remarks on its 
habits. • j 

At this meeting, being thcTirst which had occun’cd«siucc the 
visit of Prince Ecopolcl to !dl.lmburgh, it was proposed by the 






182 


Sdmtyic Intelligence. 

President (Professor Jameson), and unanimously agreed to, 
that His Royal Highness should be enrolled as an Honorary 
Member of the Society. 

Dec. 11.—The follo^ving geHlemen were elected Office-Bear¬ 
ers and Counsellors: « 

IloBisnT Jameson, Esq. Prof. Nat. Hi6t.*£diin. President. 

John Campbell, Ei>q. 

( Sir Patrick )yalker- 

Thomas Mackenzie, Esq. M. P. 

Robert Stevenson, Esq. 

P. Neill, Esq. Secretary. Wm. Ellis, Esq. Treasurer. 

James Wilson, Efcq. Librarian. P. Syme, Esq. Painter. 

Council. 

Dr David Ritchie. Captain Thomas, Brown. 

David Falconar, Esq. Colonel D. WilUairiboti. 

Thomas Sivright, Esq. William Newbiggmg, Esq. 

Dr Ja. Gregory yanwr. Dr Samuel Hibbcrt. 


> ViLC-Presidents. 


Art. XXXVII.—scientific INTELLIGENCE. 

I. NATURAL PHILOSOPHY. 

ASTRONOMY. 

1 . Comet of 1819.—M. Bouvai'd has discovered the error 
which we pointed out m our last Number, p. 403,, in liis ele¬ 
ments of the orbit of the comet of 1819. Ilis new elements are, 

Passage of the perihelion, 1819, June 28th, Mean time 

from midnight. 

Lon^tude of the node, - - - 9® S'* 42' 34" 

Longitude of the prihelion, - - 9 17 4 55 

Inclination of the orbit, - - - 80 45 0 

Perihelion distance, - . - 0.34007 

Motion, - - _ . Direct. 

These results agree very nearly with those obtained by our 
porrespondent Mr Rumker, from Mr Pon4’s observations. 

2. Elements of the Orbit of ik^ Planet Ceres. —M. Westphai 
has publlhcd the following elemeSts of Ceres ibr Jan. 0. 1818, 
iond the meridian of Gottingen. J 
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Mean longitude, - - - *• 8S3° 5V 7" 

Mean tropical daily motion, - - - 770" 77 8S 

Longitude of perihelion, - *• * 147® 18' 

liongitude of node, ’ ‘ 80 45 19 

Inclination of the orbit, - - 10 87 55 

Log. of greater 'scmi-a:^is, - - - 0.44210S19 

Eccentricity, (= tiin 4® 28'57''.9) - - 0.0781589 

These elements \vcr& computed from six'oppositions, coinpaicd 
with Gauss’s Tables of Perturjiations. 

3. Elements of the Orbit of the Planet Jwno.—The following 
elements have been computed by M. Nicolai, Director of the Ob¬ 
servatory at Manheira : 

Mean longitude at Manhcim, Jan. 0. 1819, 117® 45' £''^.84 

Mean tropical daily motion, - - 8186981 

Longitude of perihelion, - - 53° 32'56".09 

Longitude of node, - - - 171 6 50.23 

Inclination of the orbit, - - - 13 3 37.29 

I^og. of greater semi-axis, - - - 0.4263500 

Angle of Excentricity, - - - 14° 53'17^'. 44 

4. Geocentric Places of Pallas. —According to M. Dirksen, 
the next opposition of the planet Pallas will be in 1820, Jan. 
6 d 2(f 16' 41" mean time at Gottingen, its longitude being 
106“ 0' 16".2, and geoc. lat. 54° 28' 33".2 south. 

5. Baron Zmh on the Error of Repeating Circles. —From nu¬ 
merous observations made by this active and able astronomer, 
and by M. Inghirami, be lias concluded, that an error of from 
five to ten scainds may remain undetected, in the mean of many 
l\jmdred observations with the 12 inch repeating circles of M. 
Heichenbach. 

OPTICS. 

6 . IncUnation of the Resultant Axes (f Crystals. —The fol¬ 
lowing measures of the inclination of the resultant axes of cry¬ 
stals with more than one axis, have been obtained by Dr 
Bnewster: 
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Carbonate of strontian, - - 6® 56' 

Spermaceti crystallised, - - 37 40 

Sulphate of magnesia and soda, 46 49 
A ncAv mineral, V. - 56 6 

Epidote, - - ^ - - 84 19 


7. Crystals with one Axis of Double iFg^aciMWi.—-The fol¬ 
lowing crystals have been found by Dr Brewster to have one 

axis of double refractidn: * 

1 ' 

Positive Class. , Negative Class. 

Oxide of tin. Molybdate of lead. 

Apophyllite from Fossa. Carbonate of iron and lime. 
Other crystals have been found to have one axis from the tints, 
but as (he single system of rings was not seen, they have not 
been inserted here. 

8 . Refractive yower of Hyposulphite of Soda and Silver .— 
Mr Hersehel has found the indices of its two refractions to be 
1.735 and 1.785. 

9. Nitrite of Lead —Mr Ilerschel has found the index of 
the ordinary refraction of tins salt to be 9 329. He found also 
that it liad two resultant axes. We suspect, however, that it 
May have been another salt, or may have contained impurities; 
as the nitrite of lead which we examined, and which was made 
by an able chemist, had no double refraction, and no polarising 
structure. 

10. Jlluminatlng poicer of Gases .—Mr Bi’ande has recently 
found that the illuminating jiovvcrs of olefiant^ oil and coal gases, 
are as the numbers 3, S, and 1, and that their heating powers 
are nearly in the same ratio. 

C 

MAGNETISM. 

11. Captain Scoresby on the anomaly in the Variation of the 
Needle.-^A very interesting paper on this subject, by our able 
correspondent (’aptain Scoresby, has been published in the 
Phil. Trans, for 1819, Part I. The following ai’c some of the 
results oi’ his observations: 

1. All the iron on board a sliip has a tendency to becopie 
magnetical^ the upper ends of thc^^opjiositc bars being S. and 
llie lower N. poles m the Northern'Hemisphere, and vice versa. 
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2. The combined influence of all the iron is concentrated into 
a focus, the principal S. pole of which being upward in the N. 
Hemisphere, is situated in general near the middle of the uj^r 
deck. ^ 

8 . This focus of Attraction, wliich appears to be a S pole in 
N. dip, attracts the fJ*. point of the compass, and produces the 
deviation in the ficedle. 

4. This deviation varies with the dip«of the needle," die posi¬ 
tion of the compas:?, and the durecUon of the ship’s head. It 
increases and diminishes with the dip, and vanishes at the mag¬ 
netic equator. It is a maximum when the ship’s course is W. 
or E., and it is proportional to the sines of the angles between 
the ship’s head and the magnetic meridian. 

5. A compass placed in citlicr side of the ship’s deck, direct¬ 
ly opposite to the focus, gives a ctnrett indication on an E. or 
W. course, but is subject to the greatest deviation when tlie 
ship’s head is N. or S. 


METEOROLOGY. 

12 . Sir H. Davy\s Theory of Mists. —According to this emi¬ 
nent chemist, land and water are cooled after sunset in a very 
different manner. The impression of cooling on the land is li¬ 
mited to the surface, and is very slowly transmitted into the in¬ 
terior ; whereas in water the upper stratum, when cooled, de¬ 
scends, and has its place su]H)lied by warmer water from below. 
The surface of the water will therefore, in calm and clear weather, 
and in temperatures above 45* Fahr., be wanner than that of 
the contiguous land ; and consequently the air above the land 
will be cooler than that above the water. When the cold air, 
"therefore, from the land mixes with that above tlie water, Ixith 
of them containing their due proportion of aqueous vajxiur, 
a mist or fog must be the result. PhU. Trans. 1819, Part I. 

11. CHEMISTRY. 

13. New Alkatt discovered hy MM. Pelletier and Caventou in 
idle Veratriim Sahadille]t.-—K\\ the prosecution of their researches 
respecting animal substanoes that have a decided action on the 
animal economy,‘these ablb chemists have discovered in the 
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the Veratrum sabadilla, an alkaline matter capable of crystallising, 
and endowed with an excessive bitterness. Their experiments 
upon this substance have not yet been completed. Journal de 
Physique} Aout, p, 155. 

14. Dr Clarke on the Alhy of Lead and Platinum .—If pieces 
of platinum and lead be placed beside each other, and exposed 
to the lieat of the blowpipe, there will be seen, when the plati¬ 
num is heated, a beautdul play of blue ligHt upon the surface 
of the lead, becoming highly iride^ent before it melts. 

15. Ea'periments on Rock-Crystal and Glance-Coal exposed to 

the Heat of the Alloy of Tin and Platinum.--‘'W\ien rock-cry¬ 
stal in powder is wrapt up in tin and platinum foil, and melted 
as in Fox’s experiment, the fracture of the alloy is closer grain¬ 
ed and has less lustre, than when the metals are melted by 
themselves : tlie combination of part of the silica perhaps occa¬ 
sions this difference of fracture. When a small piece of rock- 
crystal is licatcd in this way, there is an appearance of fusion 
on its surface. There is no appearance of fusion in glance-cocd 
when heated in this manner, but it becomes .so hard as to scratch 
glass. Dr Clarke heated widi the gas blowpipe, and 

minute globules of transparent glass were formed on the sur¬ 
face; but since plumbago contains iron, it would have been 
better to have tried glance-coal, as it seems very refractory, and 
as most other substances have yielded to the gas blowpipe. If 
heated in the air, it would likely be dissipated; but it might be 
kept in a globule of platinum in fusion, and it would be seen 
whether it melted with this heat, or to what degree of hardness 
it was brought. 


16. Boracic Acid found in the Crater of Vulcano.-^M. Lucas* 
junior has announced, that he has discovered, among the .saline 
concretions which cover the sides and the ground of tlic crater of 
Vulcano, a scaly and pearly crust, which, from its bitter taste, 
appeared to him to be boracic acid. This idea was completely 


confirmed by the experiments of D. Gioachino-Arrosto, a well 
informed chemist in Messina. Ann. de Chim. et de Phys. 
tom. xi. p. 44. \ • 

17. Improvement on the Gas Bhr^ipe. —It. has been announ- 


It.has been announ- 


ccxl in the Journal de Physiqtie for .Fuly 1810, that M. Berzo- 



Chemistry. 187 

lius has suggested a safety tube, filled to the thickness of two 
inches with circular pieces of fine wire-gauze, which was suc¬ 
cessfully tried in his presence by M. BarrueL This distinguish¬ 
ed chemist was not aware xh'.f the very same improvement was 
suggested and used by our eminent countryman Dr Hope, who 
exhibited it to the Tfibyal Society of Edinburgh on the Sth of May 
1817. See JaAmal of the Royal Instituiim^ vol. iii. p. 376. 

18. Purpuric -In vol. i. p. 209, we have stated, that 

M. Vauquelin denies the existence of the purpuric acid dis¬ 
covered by Dr Prout. There seems to be no doubt, however, 
that this acid exists, and Dr Prout has ascribed M. Vauquelin’s 
want of success to his having operated upon an impure lithic 
acid. Dr Prout always employed pure lithic acid, prepared 
from the excrements of the Boa Constrictor. In order to con¬ 
vince M. Vauquelin of his error. Dr Prout has transmitted to 
him a quantity of purpuric acid, purpurate of ammonia, and 
pure lithic acid. 

19. Specific Gravity of the Allay of Tin and PZariwwm.—The 
specific gravity of the alloy of tin and platinum, used by one of 
our correspondents who repeated the experiments of Mr Fox 
(see vol. i. p. 416), was found by Mr Jardine to be 9.7; that 
of the platinum being 21.0932, and that of the tin 7.308. 

20. Economical Scales for Ther<niometers .—The late Dr Pa¬ 
trick Wilson, Professor of Practical Astronomy in the Univer¬ 
sity of Glasgow, was remarkable for his great skill in the con¬ 
struction of thermometers. Such experimenters as happen now 
to possess any of them, value them highly. Many years ago, 
tlie writer of this notice heard the late Dr Moyse speak in terms 

• of great approbation of Dr Wilson’s thermometers; and men¬ 
tion as a remarkable fact, that notwithstanding their accuracy, 
the scales were generally engraved on paper. The Doctor could 
not conjecture by what contrivance the ingenious constructor 
could so accurately fit his instrument to his scale, instead of 
following the copnmon practice of adapting the scale to the in¬ 
strument. An opportun^y afterwards occurred, of asking an 
explanation of the matt^ from Dr Wilson’s so]|^ then living 
at Hampstead, (but who\ died about eight or ten years ago.) 
He stated, that his father tad a variety of paper sc^es printed 
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from copperplates. From tlicsc, lie selected one to suit his 
tJiennonieler nearly, but so as to have its division a little too 
near. Tliis approximate scale he stretched, by passing it re¬ 
peatedly through a pair of steel, 'Hers, until he got it at last to 
fit his instrument with the requisite degree cf accuracy. 


III. NATURAL lUSTORY, 

AIIXERALGGY. 

21. American TmrmalinrH .—Colonel Gibbs of New York, 
in Silliman’s Journal, lu'is given an interesting account of the 
discovery of green, red, and blue lourmalinc, and of beryl, 
in a vein of fcKpar, whith tiavcrses a thick bed of granite, 
contained in mica-slate. The prisms of green tourmaline of¬ 
ten enclose prisms of red tourmaline; and in some speci¬ 
mens there are three crystals of red tourmaline closely aggre¬ 
gated together, and enclosed in one crystal of green tourma¬ 
line. In odicr siietmiens, there arc, in the centre of the green 
tourmaline, in place of the red tourmidine, iron-pyrites. Thc'&c 
toirnnalines are often traversed by transverse rents winch are 
filled with felspar. Tins appeaiance is not uncommon in the 
.schorls and tourmalines of this country, and lias been con¬ 
sidered as a proof of these crystals liaving been broken across 
by some mechanical force, and al'tencards joined together by the 
felspar. This ojiinion we consider erroneous, because the fel¬ 
spar whicli crosses the crystals, is coi'.tumous with that which 
forms the mass of the granite ; and as all the parts of the gra- 
nite arc of coteniporaneous formation, it follows that the tour¬ 
malines and their intersecting veins are cotemporaneous. Some¬ 
times a thin layer of talc is contained between the outer and 
inner crystal. The largest crystal of red tourmaline Ibund by 
Colonel Gibbs was one-fourth of an inch in diameter, and four 
inches long, and he remarked that tlioy vary from translucent 
to semitransparent. 

22. Cave of Ekphanta .—The ca^v of Elcphanta near Jlom- 
haj', as appears from specimens m piSsession of a gentleman in 
Liver])ool, is situated in amygdalo^ial greem^tonc, which con¬ 
tains prisniatoidul zeolite (stilbite.) The rock of this cave has 
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been described as volcanic; but the circumstance of its contain¬ 
ing prismatoidal zeolite, proves that it is a Neptunian rock of 
the secondary trap formadon. 

23. Jamesoii's Mtneralogr .—Professor Jameson lias just pub¬ 
lished a new edition of his System of Mineralogy, in wliich mi¬ 
nerals are arranged according to their external characters, and 
in conformity ^itli the principles of the natural history method. 

aving now a system of mineralogy*founded entirely on lix- 
ternal characters, we shall look anxiously for one according to 
Chemical princijiles. It docs not appear possible to form a con- 
.sistent arrangt'nient by emjiloyiug external and chemical charac¬ 
ters together. The method used in Professor Jameson’s work, 
which is nearly that of Werner and Mohs, \vill form a depart- 
ment oi' the general system tif Natural History, along with Bo¬ 
tany and Zoology ; wiiile the chemical arrangement will fall to 
be considered as a branch of the general system of Chemistry. 

24 Vitreovs Quarfnoui tubes o/* the Senner-Heath .—In the 
second volume of the Transactions ol‘ tlie Geological Society of 
lioridoii, there is a particular desci’iption of vitreous quartzose 
tubes, about an inch and a half in thameter, and which sometimes 
descend 30 led into the surrounding loose sand. The intenor of 
these lubes appears to have been melted, and every circumstance 
of form and situation fa^ollrs the inference of the iriemherof the 
Society, that they have been protkiecd by lightning. We 
have been lately iavoiired ivitli a beautiful series of specimens 
of these tubes, collected at Irton by the original discoverer of 
them, K. L. Irton, Ek| of Irtonhall, Cumberland, and find, 
tliat they are of prciiscly the s.nno nature as those which have 
, been lately discovert cl m the Seniicr-heath in Germany. The 
vitreous lubes of the Senner-healh arc situated in loose sand, 
have an inconsiderable diameter, but a length ol‘ from twenty to 
thirty feet, and their interior is slaggy and xitreous-like. 

25. Gcof^nostical Situation of 'I'opaz in the vicinity of Villa 
Rica in Brazil ,—The topaz mines arc situated in chloritc-slatc, 
which appears to rest on a sandstone of the primitive class. 
•The topaz is said to occfir in regular crystals, or in angular 
masses, or nests of lithon\argo, along vith rock-crystal. 

26- Mineral riches of*thc Capiianla of Minas Geracs in 
Brazil .—probably no country in the M-orld affords so much 
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iron-ore as the district just mentioned. Magnetic iron-ore, iron- 
glance, and compact clay iron-ore, occur not only in beds and 
veins, but forming whole hills and ranges of hills. In the same 
country there are repositories of' ores of mercury, copper, tin, 
platina, lead, zinc, bismudi, and cobalt. 

27. Anmial quantity of Salt raised f rom the bowels of the 
Earth in Europe —It would appear from a cartful examination 
of the most accurate retrrns, that the European salt-mines and 
salt-springs afford annually from 25 to 30 millions of hundred 
weights of salt. 

28. THaniiic Iron-ore not confined to Volcanic Districts. 

Dr Thomson, in the second volume of the Wernerian Memoirs, 
gives an account of a variety of magnetic iron-ore from the pri¬ 
mitive rocks of Greenland, which contains titanium. More 
lately M. Robiquet has found this metal in the octahedral 
magnetic iron-ore, imbedded in the steatite rocks ol’ Corsica. 
These facts prove, in opposition to the opinion of Cordier, 
that tilanitic iron is not confined to volcanic rocks. 

29. Sepia colour from Peat. —The stagnant water in peat¬ 
bogs affords, on evaporation, a substance which affords a colour 
equal to that of the sepia. 

ZOOLOGi 

30. Spines on the Wmgs of Birds. —Several tribes of birds 
are particularly distingiiislied by the .spines that grow from 
their wings; the genera Parra, Palamedca, Struthio, and many 
Passerine birds are of thw description. It has also been re¬ 
marked by ornithologists here, that the winglets of the Rallus 
aquaticus are provided with spines, about the eighth of an inch 
in length. 

31. Padella distorta of Montagu. —This rare British shell 
was first described by Muller, under the name Patella anomala. 
Poli afterwards examined it more particularly, and very pro¬ 
perly considered it as constituting a new genus, to which he gave 
the name Criopus. Lamarck agrees with Poli^in considering it 
as a member of a new genus, denominated in his system Orbi- 
cuie. It has been lately found in Shetland by *Dr Hibbert and* 

Dr Fleming. f 

® , * * * . , 

32. Marine and River Molhma in the Gulf of Livonia.-^ 

The saltness ol' the sea-water is so inconsiderable in the Gulf 



NaturcH Historif. — Zoology. 191 

of Livonia, that fresh and salt water molluscous animals live 
together promiscuously on the same coasts. M. Freminville 
informed the Philomathic Society of Paris, tliat he collected 
from the same rocks species of tlje fresh-water genera Anodontes, 
Unio, and Cyclades,^ Avhich were intermixed witli species of the 
marine genera Telliija^ Cardium, and Venus. 

33. Silli of tlte Pinna Marina. —The pinna shell occurs on 
the Neajx)Iitan coa^, particularly on th» shores of Calabria, and 

•affords a kitid of silk, which, after dressing, is wove with com¬ 
mon silk, and made into vanoiis articles of dre.ss. A pair of 
mens gloves cost 13 carlinis,—womens glt)vcs 18,—^pair of 
stockings 6 ducats,—waistcoat 30, and coat 100 ducats. 

34. Lepiis variabilu or vaiijing Hare. —Tins species of hare 
occurs in the alpine districts of Scotland, seldom descends to 
the low country, and never intermixes witli the common hare. 
In the north of Europe, there is a species said to be the same 
with our varying hare, but it differs from it in being larger, 
living in plains, and migrating in troops. The varying hare 
becomes white in winter. This remarkable change takes place 
in the following manner ; About the middle of September the 
grey feet begin to be white, and before the month ends, all the 
four feet are wdiite, and the ears and muzzle arc of a brighter 
colour. The white colour gradually ascends the legs and thighs, 
and we observe under the grey hair whitish spots, which continue 
to increase till the end of October, but still the back continues of 
a grey colour, while the eye-brows and cars are nearly white. 
From this period the change of colour advances very rajndiy, and 
by the middle of November, the whole fur, with the exception 
of the tips of the ears, which remain black, is of a fine shining 
tirhitc. The back becomes white within eight days. During 
the whole of this remarkable change in the fur, no hair falls 
from the animal: hence it appears, that the hair actually changes 
its colour, and that there is no renewal of it. The fur retains its 
white colour until the month of March, or even later, depend¬ 
ing on the temperature of the atmosphere, and by the middle 
of May it has agmn a grey^ colour. But the spring change is 
different from the winter, the hair is completely i^ed. 

35. Canary^Bixd withokt^ Feathers.’-^lt is generally suppos¬ 
ed that birds cannot live without fcathor.s, or that they bngqr 
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out a miserable existence for a few days or weeks. This, how¬ 
ever, does not appear to be true; for we find it stated in the 
Memoirs of the Society of Natural History of Wetterau, that 
a Mr Sehas-pf of Gottorf, rt'areci, a featUerlct).s canary-bird, wliich 
continued Ining and in good health for upwards of" three years. 

1 

nOTANY. 

' I 

36 Neze SUiceems grass —In the, hills between tlie Circars 
and the Nagpore country, a kind of jungle grass occurs in great 
abundance, m the joints of Yhicli a vary ‘perfect siliceous deposit 
is found. Dr Iloxburgh makes no mention of it. This curious 
fact is contained in a letter from Dr Moore to Dr Kennedy of 
Edinburgh. 

37. Germination of the Musci —Mr James Drummond, Su- 
perintendant of the Eotanic Garden at Cork, has lately made 
some very curious and important observations on the germina¬ 
tion of mosses. He has succeedcal in tracing the jirogress from 
the seed of nearly thirty sjjccics. The opinion of Linnaais, 
that the capsules of mosses were only anthera^ filled with pollen, 
was properly reject(‘d by llcduig, but has been revived by 
lle.auvols: the question may now be regarded as finally settled j 
for in Mr Drununond’s exjierimeiits, the jHiivtler from the cap¬ 
sules never faded to germinate; and he umllirndy obtained the 
same species of moss from which the capsules had been taken. 
He tried the seeds, both in earth and in water. In the former 
case, he previously torrificd tlie earth, so as to exclude the pos¬ 
sibility of other minute seeds existing in it in a state fit tor ve¬ 
getation: the earth liaving been thus rigorously purified, was 
put into gnrden-})ots; these, again, were covered cloacly with 
small bell-glasses, and moisture was communicated to the pot 5 
by placing them in water that liad been boiled. In the other 
case, he sowed the seeds on the surface of rain-water, and kept 
tlie vessel carefully covered. In the water, the germination 
pnx:ecde<.l with great rapidity, being visible the second or third 
day, when examined with the compound microscope. Mr 
Drummond found, that the seeds of all tlic different kinds of 
mosses produced at first .similar andculatcd filaments. These 
Hedwig regarded as cotyledons, ana Sprcngcl as minute con¬ 
fervas : they arc, however, neither cotyledons nor conferva*, but 

3 
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gerniinating expansions of the seed itself, somewhat analogous 
to what is called the spawm of mushrooms. On the moist earth 
the p»*ocess of germination is ngore slow: in a fortnight, how¬ 
ever, the surface of the pots is covered with a substance resem¬ 
bling green velvet; and m about three wx'eks, the proper leaves 
begin to appear. It has long been suspected, that many of the 
small conferva; would rc([uire to be expunged from botanical 
hsts: Mr Drummot|fl’s experiments will hubteii this result; the 
well-known Bysms veluiina, he ascertained to be nothing else 
than Polytrichum aloides in the fir.st stage of vegetation, A 
full account of Mr Drummond’s curious and important obser¬ 
vations will probably appear in the next volume of the Transac¬ 
tions of the Linnean Society. 

f 


IV. GENERAL SCIENCE. 

.‘18. Giorg'c Bidder. —This wonderful boy, who is only thir¬ 
teen jears old, and is well known for the singular faculty of 
performing in Ins mind the most complex and difficult arithme¬ 
tical computations, arrived some w'eeks ago in Edinburgh for the 
jiurpose of exhibition It occurred to a public-.spirited indivi¬ 
dual, Ileiiry Jardinc, Esq to whose benevolence and enlightened 
zeal most of the eharilable and scientific institutions of this city 
have been under great obligations, that it would be highly de¬ 
sirable to rescue tins interesting boy from being the subject of 
a pulylic show ; and having obtained his father’s consent, he set 
on foot a subscription f or providing liim with the means of main¬ 
tenance and education for some of the learned professions. The 
progress of his mind will he watched by some of tlie members 
fli’ the Royal Society and the University. We shall be happy 
to lie the channel of conveying to Mr Jardine the subscriptions 
of gentlemen not resident in Edinburgh; and we trust, that the 
friends of science in England and Ireland will contribute to 
promote this benevolent and useful scheme. 

39. New Society^ of Artft vi Edinburgh. —We understand 
that several gentlemen in Edinburgh have been orcujiied for a 
considerable time in establishing a Society for the Prgraotioii of 
the Mechanical and Useful ^rts in Scotland, for rewarding in¬ 
ventions of public utility, an^ dissiSminating useful knowledge 
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among the industrious classes of society. A leading object of 
the Society will be to erect a hall for depositing instruments, 
and models of machinery of all^kinds<i 


40. Method of taking Impressions of Gems and Seals in 
ShelUac —Take a piece of mica, and put some lac upon it; 
hold it over the fire till the lac is soi'tencd, which must then be 
spread evenly over the mica: on the surface of the lac put a 
piece of gold-leaf or coloured foil, about thfe size of the impres¬ 
sion to be taken; and co\er this also with a thin layer of lac : 
it must now be softened at the fire, and the impression token as 
with sealing-wax. The lac takes a very sharp impression; and 
the reflection from the gold-leaf gives the figures a fine relief. 
The mica is convenient for melting the lac upon, and the im- 
pi’cssion easily separates from it, leaving the back with a fine 
shining surf ace, and beautiful iridescent colours, occasioned by 
a thin plate of the mica adhering to the lac. The same piece 
of mica may be ysed for many impressions. In softening the 
lac, the heat should not be so strong as to make air-bubbles rise, 
as it Is difficult to get cpiit of them again. 


41. Glass from St/arc. —Wheat straw may be melted into a 
colourless glass with the blowpipe, without any addition. Bar¬ 
ley straw melts into a glass of a topaz-yellow colour. 


4^2. Experiments on the Colour of Minerals. —The Yelhm 
Camelian may be changed into a fine red, by exposing it in a 
crucible with sand to a heat under redne.ss. In India, “ the 
stones are put into an earthen-jiot, and covered with six ini-hes 
of dry goat’s dung: fire is then applied; and in twelve hours 
the pots are sufficiently cool to be removed.” I^lach Rock-crys¬ 
tal may be made quite colourless by heat. Some specimers 
may be obtained of a yellow colour by not continuing the heat 
too long. The colour of tji^ Amethyst may be taken aw'ay by 
a moderate heat: if the heat be increased, it becomes white and 
opalescent. The amethyst is more apt to crack with the heat 
than rock-crystal. The Beryl is changed with a moderate heat 
to a light blue: when the heat is rai.sed, it becomes like mother- 
of-pearl. The Emerald has the same kind of pearly lustre wi\cn 
hgated. 't’he colour of the Chry^beryl is not altered with a 
red heat. Dr Clarke exposed a *i>iamond df an amber colour 
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to the flame of the gas blowpipe : it became colourless and 
transparent; by continuing the heat it became white and opaque, 
and was volatilised. Blue Bluo^-spai’ changes to a kind of red 
when heated, and when the heat is raised, it is often rendered 
colourless. ^ , 

43. Effect of Hcat> on Obsidian. —A specimen of obsidian 
from the Island of Ascension, with blue veins in it, when ex¬ 
posed to a red heat,discharged mr-bubbles from the veins more 
abundantly than from other parts of the mineral. 

44. Bottle thrown out of the Isabella. —The bottle No. 2. 
thrown overboard by Captain J. Iloss of* his IMajesly's ship Is£u 
bella, on the 3d June 1818, lat. 05" 40' N. long. 54° 10' W. 
off' Greenland, to asierlain the direction t»f the current in Davis’ 
Straits, was found by one of the .servants of A Macdonald, Iilsq. 
at llalranald, North Uist, on the 17th of July last, and the pa¬ 
per inclosed in it quite dry , so that it was 13 months and 14 
days on its pa^'.age. The latitude of Balranalcl is about 57° 20' 
north, 'rhe paper has been transiiiitted to the Admiralty- 

45. Earthquahe at Lisbon on the 'iid February 1810. — 
The eailhquakc whicli was oxpciienced at Lisbon on the 2d 
February 1810, at O’* 4' in the 'morning, and again at O” ] in 
the evening, was felt by the Marquis dc Angcja, a rortuguesc 
vessel bound from Bengal to Lisbon, at 0** 40' (the time being 
reduced to that at Lisbon) and in lat. 34" 15' N and long, 
15" 10' W. from Lisbon. The vessel was thcret'ore 270 leagues 
W. S. W. of Lisbon. The same earthquake vas experienced 
on board another vessel bound from Brazil to I'oitugal, at O’* 42' 
(time at Lisbon), and again at 3** 40' in lat. 30° SC N. andO" 52' 
W. of Lisbon The vessel was tlierelbre 120 leagues \V. S. W. 
from that city. The same ship again felt the shock at 5*' 5T. 
The first shock was therefore felt at the same instant nearly at 
three places very remote from one another. 'Llie same earth¬ 
quake was said to have been felt in Madeira and Holland. Ann. 
de Chim. et de Phys. tom. xi. ]>. 323. 

46. Expedition ovcrhnd from Hudsons Bay to the Shores 
of4he Arctic Ocean. —'The expedition intended to examine the 
Amcricati shores of the Arctic Ocean, reached York Fort in 
Hudson’s Bay on'the Olst Xiigust, after having nearly suffer- 
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td shipwreck in Hudson’s Straits. The party proposed to leave 
York Fort for the interior on the 9th September. From want 
of previous arrangement in Huds(>n’s Bay, however, the journey 
will occupy a longer time than was calculated upon. We are of 
opinion, that if intelligence had been sent ‘out to York Factory, 
the party might have remained in London until March next, 
and then, by way of Canada, would have go! up as far as they 
will be able to go next summer. 

47. Utility/ of the Marine Barometer^ or the Sympiesometerf 
in indicating approaching Storms. —The correspondent (Mr 
Stevensem, civil engineer) to whom we arc indebted for the no¬ 
tice regarding the Scotch Fisheries, inserted in this number, 
(p. 129 ) informs us, that having occasion, towardsjhe conclu¬ 
sion of his voyage, in the beginning of September last, to visit 
the Isle of Man, he beheld the interesting spectacle of about 
three hundred large fishing-boats, eac’h from fifteen to twenty 
tons burden, leaving their various harbours at that island in an 
apparently fine afternoon, and standing directly out to sea, with 
the intention of prosecuting the fishery under night. He at the 
same time remarked, that both the common marine barometer, 
and Adie’s sympicsometer, which were in die cabin of his ves¬ 
sel, indicated an approaching change of weather, the mercury 
falling to 29.5 inches. It became painful, therefore, to witness 
the scene ; more than a tliousand industrious fishermen, lulled 
to security by the fineness of the day, scattering their little barks 
over the face of the ocean, and thus ru.shing forward to immi¬ 
nent danger, or probable destruction. At sunset, accordingly, 
the sky became cloudy and threatening; and in the course of the 
night it blew a very hard gale, which afterw'ards continued for 
three days successively. This gale completely dispersed tlie 
fleets of boats, and it was not without the utmost difficulty that 
many of them reached the various creeks of the island. It is 
believed no lives were lost on this occasion ; but the Ixiats >verc 
damaged, much tackle was destroyed, and the men w ere unne¬ 
cessarily expo.sed to danger and fatigue. . During the same 
storm, it may be remarked, thirteen ves'scls^werc either totally 
lost or strgnded between the Isle of Anglesey anti St Bees He'ad 

in »Laricashirc. Mr Stevenson remarks how much it is to lie re- 

• ^ 

gretted, that the barometer r. s) little in use in the mercantile 
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marine of Great Britain, compared with the trading vessels of 
Holland; and observes, that though the common marine barome¬ 
ter is perhaps too cumbersome /or the ordinary run of fishing 
and coasting vessels, yet Adie’s sympiesoraeter is so extremely 
portable, that it migfit.be carried even in a Manx boat Each 

lot of such vessels has a commodore, under whose orders the fleet 

• * 

sails: it would therefore be a most desirable thing, that a sym- 
jniesometer should b| attached to each commodore’s boat, from 
which a preconcerted signal of an expected gale or change of 
weather, as indicated by the sympiesometer, could easily be 
given. 

48. On the Emplmjmcnt of Steam-Vessels for distant Voy¬ 
ages —As-- the application of steam to vessels crossing the At¬ 
lantic, or navigating to distant regions, is a subject of great im¬ 
portance, we have pleasure in recording the following obser¬ 
vations by an intelligent correspondent, on the American steam- 
vessel the Savannah, Some account of this ship has appeared 
in most of the newspapers, and in some periodical works; but 
as the statements that we have seen speak altogether in favourable 
terms of this application of steam, it is only proper that the dis¬ 
advantages of it should also be known. 

The Savannah steam-ship. Captain Rogers, arrived at Liver- 
po{)l on the 20th June last, after a passage from land to land of 
twenty-one days. The steam-engine was in use during eighteen 
days of the passage; which, being calculated to bear twenty 
inches of steam, ojierated, in moderate weather, with good effect. 
Tins vessel, though of 350 tons burden, is only calculated for 
carrying passengers; the whole hold being requisite for the 
stoAvage of coals sufficient for a twenty days passage. She is 
ffTted up in a superior style, and has thirty-two state-rooms; 
the accommodation for ladies, which is in an after cabin, is very 
private. 

The steam-apparatus in the Savannah occupies the greater 
part of the hold from the main-mast to the fore-mast; leaving 
only a small space in each side suitable for carrying coals. The 
engine is well finished, and the machinery neatly disjxised. The 
wafer-wheels are affixed to a cast-iron axle-tree, passing through 
the sides of the ve^et abovo^he bends^ which is incapable of 
motion in any direction, excepting that toeccssary for turning 
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the water-wheels; but the ^Vl'^ter-^vhcel^ themselves are capable of 
being taken to pieces, and removed in bad weather, all except¬ 
ing two principal arms of eachjt. which being of cast-metal, and 
securely fastened, are placed in a horizontal jxjsition in high 
seas, and arc productive of little inconve?iience. What renders 
this experiment unfavourable to the ajiplipation of steam to ves¬ 
sels trading to distant ^countries, is the immense consumption of 
coals, and the occu})ation of the whole of th/ stowage in the hold, 
by the requisite coals and machinery. Hence there is no room 
left in the vessel but the *tvveen-dccks, for the cargo.' Uesidcs, 
the cxpence of coals only, which amounts to ten tons jier day, 
(omitting the value of the machinery, and the loss of stowage), 
is more than projuirtionate to the advantage gained jji the p^as- 
sage. The engine is of little service, excepting in moderate or 
in calm weather. In a fresh breeze, when favourable, a suffi¬ 
cient velocity is olitained without it; and when unfavourable, it 
is incapable of driving the ship against the wind. 

It seems probable, therefore, that for geiicial jiurjioses, steam 
will not be found ajiplicable as a power for propelling ships 
across extensive seas; being principall^Mioiifincd in its use to\cs- 
sels carrying passengers. 

49. Plants imp) egnated xcith Carbonate of Lime mistaken for 
Coral ,—Captains Vancouver and Flinders, and M. Peron, ob¬ 
served on the shores of New Jiolland, at considerable heights 
aliove the level of the sea, arborescent calcareous productions, 
Avhich appeared to them to be altered organic* bodies. Vancou¬ 
ver and Flinders considered them as corals, and from tbeir oc¬ 
curring high above the present level of the sea, around New 
Holland, inferred that the level of the ocean mu.st have sunk. 
Peron says they are either corals, or vegetables mcrustod with 
calcareoiLS matter. Mr Clarke Abel met with similar appearan¬ 
ces near Simon’s Town, at the Cape of Good Hope, and has pro¬ 
ved that lhc.se arborescent coralJikc bodies are not coral, but 
vegetables impregnated with carbonate of lime. We recommend 
the perusal of Mr Abel’s account, from page 308. to page 312. 
of his “ Narrative of a Journey in the Interior of China,” to 
our reader s. 
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50. Wine from the Arhaius In the Island of Corsi¬ 

ca an agreeable wine is prepared from the berries of this plant. 

51. jl/op (f Iceland. —The Panish Government has resu¬ 
med the trigonometrical and hydrographical survey of Iceland, 
which had been interrupted dunng the war. It is proposed to 
publish the map in seven sheets; three sheets we understand are 
already published. The care of the publi^cation is committed to 
Admiral Lowenom.^ 

52. Charts of the Baltic. -^Of late years the Swedes have 
been much occupied in hydibgraphical investigations. Much 
has been done under the direction of that excellent officer Ad¬ 
miral Kliiit; and lately, under his superintendence, there has 
b^n cxoajled a series of charts of the Baltic, which are by far 
the most accurate liitherto laid before the public. The Danes 
remark of the English charts of the Baltic, with what justice we 
know not, that they'are beautifully engraved, but very inaccu¬ 
rate. 

53. Greatest Waterfall in Europe discovered in Lapland .— 
In the rnineralogical report of Lapland presented to the Swedish 
Government, amongst other curious facts, the discovery of a 
great waterfall in the River Lulea is particularly mentioned. 
It is said to be one-eight of a mile * broad, and at its greatest 
height to fall 400 feet perpendicular. 


Akt. XXXVIII.— List (f Patents granted in Scotland since 
Wth September 1819. 

18. _L 0 James Ingledew, late of Little College Street, 
Westminster, now of White Street, Southwark, in the county of 
Surry, for his invention of the means of effecting a saving in 
the consumption of the ordinary articles of Fuel, by the appli¬ 
cation of certain well-known materials hitherto unused for that 
purpose.’' Scaled at Edinburgh, 23d September 1819. 

19- To James Bihstow Fraser of Blackburn House in the 
county of Linlithgow, North Britain, for^iis invention “ of cer- 

— ■-^^ - 

• Probably a Gciman mile, uhich is equal to four and a half English miles. 
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tain Improvements m the application of machinery for Propel¬ 
ling Ships or other Vessels floating on Water, by means of an 
Hydraulic Appai’atus, acted upon by a Steam-engine, or other 
adequate power.” Sealed at Edinburgh 19th October 1819- 

20. To John Sinclair, manufactiirpr in Edinburgh, for 
his invention “ of an Improvement ip the manufacture of 
Shawls, Plaids, Scarfs, Handkerchiefs, Gown-pieces, and other 
articles with which coloured threads are /^rrought into flowerp 
and other fancy figures, in the process of weaving, whether the 
said articles arc made of Silk, Cotton, Worsted liint, Hemp, 
or other materials, or mixtures thereof.” Scaled at Edinburgh 
10th November 1819- 

21. To WiLi.iAM Goon of Bridport Harbour, .w^^tiun tiie 
palish of Symondsbury, in the county of Dorset, sbi^>-biiilder, 
for his invention of “ an Improvement in the art of tanning 
Hides and Skins, and barking or colouring’Nets, Sails and other 
Articles,, by the application of well-known materials hitherto 
unused for tliat purpose.” Scaled at Edinburgh, 20th No¬ 
vember 1819- 

22. To John T-tM Lor of Bury Court, Saint Mary Axe, 
London, Engineer, for bis invention of “ a mode or means of 
producing Gas to be used for the purpose of aftbrding Light.” 
Sealed at Edinburgh, 20th November 1819- 
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In describing the natural solution of Peat in water, a few of 
its chemical qualities were necessarily mentioned. Those which 
remain to be noticed are of little or no moment in a practical 
view, nor are they such as to throw much light on the chemical 
nature of this substance, or on that of the process by which ve¬ 
getable matter is oonvcried into peat. Alcohol, ether, and the 
alhahne lixivia, extract from it a brown matter, analogous to, or 
identical with, that which has already bcx;n described as capable 
of bring dissolved by water. On evaporating the two former 
fluids, tins matter is obtained in a solid form, but, in the latter 
ease, it comliines with the alkali, so as to form a saponaceous 
compound, analogous to that which is produced by dissolving 
iiistrc or wood-tar in the saine solutions. It is unnecessary to 
describe the results obtained fi-om the action of the essential 


oils, ammonia, or the mineral acids; as they are either analo¬ 
gous to the former, or resernblc those which the same substances 
jiroduce with unchanged vegetable mutter, and throw no light 
on the subjecl. 

The object to be kept in view in the chemical examination of 
})eat, IS to determine the nature of the change which has taken 
jilace hotwet'n the destruction of the venctahle organization, anti 
the conversion of its sulisUmec into thll nev/ compound. It is 
rntye pariicolarly oitercsting, to disccufe/ in what re >pect peat 
approaches tt) the bitumenis or ratheVto the biluminated lig- 
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i)^tes; sinci', through this latter stage, it must pass in its tran- 
' ;?itioti fixjyn the vegetable tp^the mineral class of substances. 
This tjuestion is more or less remotely connected with a very in¬ 
teresting train of geological inquiries. Peat has in fact been 
confounded with the bituminatcd vegetables^ ^nd has been suj)- 
posed to derive its inflammable quality from the fomiatioii of 
bitumen during the process by which it bfis beqp generated. It 
- will, however, be found, on a morg investigation, t^at 
there is an essential distinction betw^een conimon peat and bitu-* 
iniiiized wood, and tliat even when*it does show some of the cha¬ 
racteristic marks ol^e bitumens, the degree in which it has un¬ 
dergone tills cliangc ia very limited. The Ince peal of Lanca¬ 
shire appears uniiuestionably to be accidentally penetrated b 
jxjtroleHm, derived from tlie usual source ol* a biffrfilnmis 
spring. 

Although in a practical view, therefore, peat may be consi¬ 
dered £is an indefinite substance, and in a ijlatc of tmiisition to 
bituminizctl vegetable matter, it is convenient lor the present 
[uiriKise to divide the prtxiess from die death of the vegetable 
to its bituminization, into two stages. The first ol' those com- 
pi 'ises the clamgc into mere peat, in which no traces of bitumen 
can be discovered, and the last may lie conceived to extend 
i’roin die time at ivbich it fiist gives traces of this substance, to 
dial in which the characters of ]>eat have been rcjilaced by those 
of bituminized wood. It will shortly be seen, that we .are in 
possession of chcanical means, by winch pure bitumen can be 
disliiiguishetl from pure peat, or from that substance which 
cmistitutes its Oh^encc; and the ap])lic.itK)u of die same powers 
enables us, aUliougli less perlecily, to distinguish that state to 
which alone the name oi* l\at sliould, Ibr the s;ikc of acciiracjt, 
be applied, from that in wliich the process of bituiiiimzation has 
cunnncncctl. 

The powers of chemical analysis arc as yet so limited, that 
we h.avc no means of examining directly the dilferences of the 
various substances which .arc found tlnouglioiit tlie whole of 
these changes, from llvisimple vegetable matter downwards; or, 
at least, the results v/l|ilh arc obtained from die application of 
iho.e means, are hnpcijfcl and nni^tisfactory. But eoiisulerable 
irjii nia> be thrown «i the subject, by tliV operation former- 
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ly,,considered as ati analysis, nain^iy, the application of heat itt 
close vcrssels, or destructive distitiation. By condueljng this 
process in the tisual rude mannef, there are obtained a set of 
new compounds,, together with a portion of the elementary con^« 
stituents from which these compounds, ami the original subject, 
arc formed. With nftore care, a new set of compounds alone 
are obtained, and, in •either case, these are again capable of be¬ 
ing subjected to a ^ ti Hiia idysis, so as It) furnish, in a sufficient- 
•ly accurate manner, the required information. It is unnecessa¬ 
ry for the purposes of this paper, to enter into any minute de¬ 
tails on this subject, but it will be sufficient to state, that by ex¬ 
amining tlic various nature and proportions of these compounds, 

they are obtained from the different materials, or, if necessa¬ 
ry, by agffin decomposing them into their elements^ the pgopor- 
lions of these elements, under different circumstances, may be 
obtained with sufficient accuracy for the objects in view. Thus 
the progress of change in the vegetable matter, may be traced 
by the gradMioil in these proportions during the progress of 
tliat change; and thus also certain useful analogies may be dis¬ 
covered between j)eat under all its forms, and other compounds 
which differ Irora it rather in tlicir mechanical than in their che- 
nnc-fil nature. 

If fresh vegetable matter, (and it is hero most convenient to 
consitler the ligneous substance), be subjected to distillation by a 
naked lire, certain volatile products are obtained, and char¬ 
coal remains beliind. The chief of tlicse volatile products are 
Tar a volatile oil, and acetic acid. A varying proportion of 

• I liave given to tlii** substance the name of Tar, because that name is so ap- 
Ijlied in the cJiarcoal mrinuf.ictorieK, whci-e it is obtained m considerable quantity. 
Tho tar used foi naval jmrpoacs, being alwajs procured from fir by a similar pro- 
<css, ih a cJiTipourid ol this suliot.mce .uid the turpentine of that tree. In the 
-same manner the tcim of Pilch mil here be ajiplied to the solid material remain¬ 
ing after a gentle distilliuiori of tJus tar; n.iuUcal jiitch being a compound of com¬ 
mon rosin and this substance. The oil of turpentine, together with the oil of the 
wood, 18 sopaiated in this latter case, as the oil of wood alone is in the former, I 
may here refer tlie reader lo a paper m the scAiul volume of the Geological 
Tuiisactuui', in which ihe subject lias been c«in|iicd ni seme detail with other 
■ lew >. 

The pitdi, 10 a eiitain el He of hanlnt.'", i- 
' >1/11 lernaib vmJI ilioJ^lauiul oi tiu'suni tupu. 


' Bifclic of ailj Is, on which 
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ammonia, often very minute, is also found, and this, as might 
be expected, is combined with the acid. When the process is 
irregularly conducted, a second process is carried on together 
with the first, and the new com]K)uncls become partially decom¬ 
posed. Thus there is produced a gaseous substance, which i.s 
either hydrocarbonic gas, i-ontaining varmtis proportion.^ of car¬ 
bon, or else a mixture of that gas and cai^ionic oxide. Al 
tiinc.s, according to the inode in whicl oces.s liaS? been con¬ 

ducted, no es.sential oil is obtained^, the whole of it being decom¬ 
posed as fast as it is Ibrmcd, and rccoinpounded into the hydro- 
carbonic gas. But it may be procured by redistilling tlie tar, 
winch thus becomes sejiarated by a furtJier decomposition into 
cssciiUal oil, pilch, and a frchh propulion of acetic acid,t,.‘jlYr«}'’ 
holding, from its strong affinity to that substance, a portion of 
the inflammable compound in solution. The pitcli, by continu¬ 
ing this process, at length loses its character, and becomes a 
brown or black friable mass, but still continues to give over vo¬ 
latile inflanunable matter and add, until it is finally reduccnl to 
the state of charcoal. Finally, it gives over iiydrogcn only, and 
acquires an extreme degi ee of hardness, as ordinary charcoal 
docs HI the same case, becopiing also uiisusc c'plible of furthei 
change. It may be remarked, that as the tar hecomes yiitcliy, 
the essential oil, which was originally pale, and at first nearly 
colourless, becomes gradually darker, and that the volatile yiro- 
duct of the solid pilch is ntH oil hut tar, which is, hoAvever, ca- 
jiablc of being decomposed in a similar maimer by a reyietition 
of llic same treatment. It is obvious, that this Is the consc- 
(jucnci' of the greater heat reiyuired in this ease, to effect the se¬ 
paration of the volatile jiroduct. 

In reeonsidei ing the coiiseipiciices of tliiis pushing the process 
to its extremity, it is apparent that the whole vegetable matter 
is or may, by further analysis of the acetic acid and the ammo¬ 
nia, be resolved into carbon, hydrogen, oxygen, and azole; 
that Lh.e proportions (^f ihi se might, by a mort laborious and ac¬ 
curate analysis, be disc(|;tred, and that they may be conjectured 
with .suffiv lent accurai y W the puqtoocs now ui vuwv, liy altund- 
ing to the ,-everal propo^ions in which these compounds are ftlv 
tallied 
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In stating these results, I have neglected to noikc tlie Ilxed 
salts and earths which remain after the incineration of tlic char¬ 
coal, as tliey are not essential to the present inquiry. That I 
may not return to tins subject, I will here remark, that, in pure 
))eat, their nature and proportion will clc])Giid on the nature of 
the vegetables from jvJiich it has been generated, and that while 
potash, for cxajiiplc^ may be found in the peat of submerged 
wood, silica will that produce^ from gramineous vege- 

•tabies. But as allVivial <^rths are frequently mixed with peat, 
the earthy residuum of this Substance is generally in greater 
abundance, and often indeed amounts to a considerable quanti¬ 
ty. Agnculturists may hence judge how little advantage is to 
be,derived from peat-ahhes as a manure, unless in those cases 
■where k .‘»nsidcrable ejuantity of burnt clay has been produced 
by the operation. 

I f imjierfect peat be now subjected to the same operations, 
the same results are produced, hut the proportions of the diffe¬ 
rent products will be found to diffei*. In the first stages of the 
decomposition of plants, tlu'se differences arc not very sensible, 
but tliev become giadually more so, as the peat subjected to ex¬ 
amination is more perfect. When perfect peat, not yet entered 
on the stage of bituminization, is thus examined, it will lie 
found (hat the proportion of acid is sensibly diminished, and 
that the more solid new compounds also hear a larger propor¬ 
tion to the more iluid. There are, in fact, produced more pitch 
and less essential oil, and consequently a larger quantity of char¬ 
coal, in proportion to the \(>latile products, is obtained, in the 
distillation of peat, than in that of icccnt, or undecomjiosed ve¬ 
getables. Neglixting the azote in this case, it is therefore appa- 
^reiil, that the principal chcamcal tliauge from vegetable matter 
to peat consists in a dissipation of pari of the hydrogen and of 
the oxygen. But this is not the only change, as the solubility 
of peat in the various fluids fonneijy enumerated, proves that 
a new combination has also taken place among sprae of the clo- 
mouts. This soluble matter is analogous to that which is ])ro- 
duced from the same elements by llr action of fire, and is in 
bpth cases ,a compound of liydrogeil and carbon princiftally. 
In the process, therefore, of conveiling vcgetabl? matter into 
peat, the piopijtftms of tne* original pgrcdieiits are not only 
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changed, but the carbon and hydrogen enter to a certain doj; 
gree into a new combination together with a portion of the oxy¬ 
gen, forming a compound analogous to that whitli results from 
the action of fire. The action of air and water on vegetable 
matter is tlierefore similar to that of fire, but is both much more 
tedious, and much Jess perfect, as the organiitation is never so 
thoroughly destroyed in the former as it.is ii^ the latter ease. 
In the only exception in^which the conversion seems 

equally jierfecl, it ih Imnted to a small proportion of the total bulk, 
of the material; and the jiitchy inatter already described as 
found in bogs, may be considered as 4 a sjiecies of jxiat, of winch 
till' iialute is conijileU'd to such a degree, as to difler hut in very 
trifling cireiunstanc-os from the pilch or bistre produced b;^ie^ 
action of fire, 1 . "'^ 

If the efleets of fire in a less degree on vegetable matter bc> 
compared with those of water, the resemblance will still be appa¬ 
rent, as w'as aheady noticed in deseribing the natural solubility 
of peat in w alcr. From the incipient action of fire, vegetable 
matter undergoes changes, by which the hydroearboiiaccous 
compound becomes pai'tially soluble in water and in the other 
eolveiUs of peat, while acetic acid is also generated ; a jHir- 
tion of it being illssipated in vajiour, and the remainder Ixsng 
soluble together w itli the brenvn matter; a circumstance very 
obvious in the familiar exairqiJc formerly quoted, of the roast¬ 
ing of coflec. Some differences, it is true, are apparent, in con¬ 
tinuing the C/omparison of these processes, but they do not ap¬ 
pear difficult of explanation. Although the continued action of 
heat produces moie acid and more of the soluble hydroearlio- 
naceoii.^ compound, these efleets, in the operation of forming 
peat, diminish, or cease altogether, at a certain stage of the, 
process. It must be considered, that the decomposition of the 
vegetable matter is in fact completed, as far as air and water 
can complete it, at an early stage, and that Uie remainder of 
the change into solid peat is rather of a mechanical than a clic- 
mical nature. Tlie proe^.’ss is also far less perfect, and thus 
thes^e is less acid produeill; while that wliicli is formed is car- 
iied away by the flowingwif water as fast as iH Is generated, 
as seal ceiy (b be susci p(ily of exiimmatioii; or is entangled in the 
solid neat, so a- I 0 be ni| J'>n;»ei exposed to sift letion of w'atei. 
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J^ven in this caso, hoM^c^'er, long maceralinu ami heat still ex¬ 
tract it. Another important remark on this subjecl was reserv¬ 
ed to this place. Wood-tar is highly soluble in ateUc acid in 
all its states, and is also invariably mixed with a portion of 
free acid, which may be separate d from it iinperl'et tly by water, 
and more complctcl^^Vy tbe alkaline solutions; alter cidur of 
which operations it becomes more pitchy anti tenacious. \\du'ii 
tliis tar, thcrefor^^ppeai's to dissolve in Avatcr, it is in Ikct ])artly 
•brought into solution by‘\lie acid. It is evi lont bow this fact 
operates in comparing the soVibihty of' peat with that of wood- 
tar ; since the dissi])ation and final disappearance of tlie acid 
from tlic former, must, iu a corresponding' degree, fliiiiiiiish the 
solubility of the liydrocarbonaccous compound. 

It not appear that there are at ])resenL any further 
means of illustrating the chemical nature of ]an e pi at, or the 
nature of tlie eflccls which are produied on the matter of vege¬ 
tables by the action of air and water, as far as the generation 
of that substance in its simple state is concerned. At this 
point also, the analogy lietween the olfocls of Htc and of water 
appear to cease, since the application ol' tlio former agent has, 
in no direct expcrinient yet instituted for tliat jnirpose, produ¬ 
ced the results which follow the ulterior action of the latter. 
Tliesc results are, the change from peat into lignite, through 
all its stages, down to tlie bilumiiiizallon of tlie vegetable mat¬ 
ter as it is found, nearly, if not absolutely, perfected m jet. 

illustiate this part of the subject, it is necessary to con¬ 
sider the distinction betw'ecn the biUiininoiis substance.^, and the 
hydrocarbonaceous compound which constitutes the essence of 
peat, and to inquire by wliat tests the two can be distinguisli- 
,ed. A method of making tlii.s distinction is recjuired for the 
purpose of ascertaining, if possible, the jioint at which the pro¬ 
cess of bitumuijzation commences; and, liy the result of the 
inquiiy, it will be seen, that there is an essential distinction be¬ 
tween peat and the bituminized woods, and that whatever con¬ 
fusion may appear between the two, fbllow^s from the admixture 
of botli which occurs iu certain states of the progress. 

, Tlie comparison between bitmmnoXs w'ooil and peat will be 
rendered mo.->t ca-y, and the actu.f distinctions*made more 
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striking, hy selecting the simplest and extreme cases, namel)r*jj 
by placing in a parallel light the several bituminous substan¬ 
ces and those products of vegetable matter already described, 
which are analogous to jx.'at, and arc prixluccd by the action of 
fire. 

It will be sulficicnt, in considering the, ^ituraens, to enume¬ 
rate the three most prominent varieties, namely^ asphaltum, po- 
troleum, and naphtha; the others niav b ^con^ liered as interme¬ 
diate stales or modifications of these, i^^hesc substances are seve¬ 
rally analogous to the ])itch, the tar, 4nd the essential oil of wood, 
and the changes wliich they undergo on the application of heat 
are in every respect similar. Thus, if petroleum he distilled, it 
is converted into naphtha and pitch, while the former, by a fur¬ 
ther application of heat, is decomposed, and furnislijW'l^ijro- 
carbonic gas. The asphaltum,. by distillation, gives out petro¬ 
leum, becoming gradually friable, until at length charcoal re¬ 
mains behind, as in the distillation of bistre. There is, more¬ 
over, in both ca.scp, an uninlerrupted transition from the Chsen- 
tial oil to the charcoal. Thus naphtha, wlu'ii of a brown'co¬ 
lour, passes gradually into petroleum, as the oil of wcxid docs 
into tar; and thus, during ihc prolonged distillation, both of 
petroleum and of tar, the oil gradually becomes thicker, while 
the matter in the retort, in both cases, becomes first tenacious, 
tJien brittle, and lastly friable, when a further continuance of 
the heat at length converts it into cliarcoal. 

But, w'ith this gcncial analogy, there are important differen¬ 
ces in the two sets of substances, united to some chemical char 
racters common to both. There is, in the first place, a striking 
difference in the taste and smell, by which they can readdy be 
distinguished ; while, even tlie mixtures of the two, can be re¬ 
cognized by an union of the sensible cjualilies ajipertaining to 
both. These differences are most remarkable in the more fluid 
varieties, but are sufficiently sensible in all. The action of al¬ 
cohol, of ether, acetic acid, the alkalies, and the mineral acids, 
on both these classes of sifbstances, in a great measure resemble 
eac^ other. Certain diff^l’cnces will nevertheless be found; but 
it li^nnecessary liere to Inter minutely into the subject, as th^ 
detail is iiot<.equired fl>r 3 ic purposes at prevsent in view. The 
jjiost remarkable distinction in thciixchemical relations is the fol- 
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lowing. The essential oil of wood does not unite with naphtha^ 
and, for this reason, while the vegetable tax and pitch arc so¬ 
luble in that oil, they arc not soluble in the latter fluid. It 
produces indeed a slight effect at the boiling heat, but the dis- 
stJved portion is nearly all deposited on cooling. On the other 
hand, the bitumens wirite readily among each other, and asphal- 
tum is perfectly fjpluble in naphtha, while they refuse to\uiite 
with the oil of woXl«.aTS4'M)htlia offers, •therefore, a sort of test 
4)y which the progress of bHliminization can be discovered, if 
not with great nicety, yet sufficiently for the purposes required. 

The nature of the change by which peat is converted into bi- 
tuminized vegetable matter, or lignite, will also be best under- 
sUvkI by examining the extreme case, or by comparing the chp- 
micat composition of the bitumens with that of the products ob¬ 
tained from vegetables by fire. This, in the present state of 
themical kmm ledge, can only be done in the former, as it was 
m the latter case, by comparing the nature and proportions of 
the elements, as they are obtained, either simply or in new com¬ 
binations, by the action of fire. A general account only of 
these is here required. It thus ajipears, in the first place, that 
hydrogen and carbon form the bulk of the bituminous substan¬ 
ces, as they do of the vegetable products, since they are chiefly 
converted into hydrocarbonic gas. But they yield a far inferior 
projiortion of acetic acid, while the ammonia again appears in 
larger priqiorlion; whether from its being actually present in 
greater quantity, c# rendered more sensible by the absence of 
the acid, has not been ascertained. Tor the present purpo.scs, it 
is unnecessary to inijuirc more minutely into this part of the 
subject; and it is obvious, that the essential distinction between 
ihe bitumens and the vegetable products, is the different pro¬ 
portions in which oxygen enters into the two. In concluding 
these remarks on the chemical nature of all these substances, it 
is only necessary to observe, that an erroneous view has been 
entertained of the process by which the fluid varieties are con¬ 
verted mto the solid, in consequence W mere exposure to air. 
As in the case of the conversion of oil|of turpentine, first j^to 
cqjnnion turpentine, and then into rcsi^ this has been imagined 
to arise from the absorption of oxygen from the atmosphere. 
The result of thyif decomposition, howtfifer, shows that the real 
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chftngo is a change of proportion between the hydrogen and 
carbon, which constitute the chief part of their bulk; and that 
the action of the atmosphere consists in dissipating, in a manner 
not yet undoi*stO(id, a portion of the dormer substance, so as to 
increase tlic relative quantity of carbon. It,is not, in fact, dissi¬ 
milar in its cdects to the action of fire. • • 

In attempting to a[)ply this knowledge fin* t^ f)ur]K)sc of di¬ 
stinguishing pc.at from lignite, or of^j^^*r^“qfunng the progress 
of bitummization, it will be eviclaii;, that fron the identity of* 
the pr<);liu‘ts obtained by destructive distillation, and the diffi¬ 
culty of astc'i'lainiiig minute ddlereuces iii tlicir projKU’tions, no 
satisfactory results can be derned from examining iheso propor¬ 
tions, in cases where the cliaiigc is incijiient, wliere, in efiijct, 
there is a mixture of peat and bituminized matter. Iniiie last 
stages, tlic diflbrcnces become more palpable, and in the case of 
jet, whicli is the most perfect of tlic lignites, they arc abundant¬ 
ly sensible. But the test of naphtlia may be applied to the cx- 
mnination, citlicr of the oil jn-ficurcd by the distdlation of peat, 
in its progress to bituminization, or to that obtained from the lig¬ 
nites. By means of this fluid, the mixed oil is separated; that 
■which is producctl from the peat or unchanged vegetable mat¬ 
ter being rejected, while that ■which proceeds from the bltumi- 
nized vegetable matter is dissolved. A tolerable conjecture can 
thus be formed of the degree in which the progress of bitumini¬ 
zation has taken place; and, when considerable, it is generally 
also sensible in the smell of the oil, whicli resembles that produ¬ 
ced by mixing naphtlia with the oil of wood. The peculiar 
smell which some peat gives in combustion, arises from this 
cause, and indicates die commencement of bituminization. 

In thus examining the various kinds of submerged vcgclablq 
matter to which wc have access, the progress of bituminization 
may be traced, witii little interruption, from peat, llirough sub¬ 
merged wood, brovin cxiul, and siirturbraiid, down to jet, the 
mo.st perfectly bituminized substance still retaining its organiza- 
tipp, with which we arc/acquainted, 'i'hat which I have cho- 
scii'^o consider as pure «:at, gives no traces ol‘ bitumen; jet, on 
thi! contrai^jTj gives vcry4umile indioation-i of' the products qJj- 
lained troni uncbaugc^vegclablc jnatler The state of the 
' submerged papyri oflci| an interesting exampl^ of the progrest 
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of this change, since they contain a portion of bituminous mat¬ 
ter soluble in naphtha, and it is undoubted that they owe this 
change to'the action of water. 

O 

If jTeat which has undergone a commencement of bituminiza- 
tion be distilled, so asto separate the oh, it will be Ibund that this 
is partially soluble in naphtha. Submerged wood, accoiding to 
its condition, gi^es similar results, tlie specimens sometimes 
yielding ordinary t!|’i^.,'‘tvf>thcrs a mixture of tar and petroleum, 
in peat, the jirocess sti^is thus at the outset; but, in submer- ’ 
ged wood, it proceeds indefinitely. Thus Uuvey (lirown) coal 
gives out a mixture of these two products, in wliich the petro¬ 
leum bears a conspicuous proportion. The .siirturbrand of Sus¬ 
sex, produces similar results; butinboththe.se case.s, dilferciit 
projKirtionff of petroleum seem to be procured from dillcrcnt 
specimens, according to the varying degree to which the procc.ss 
of biturainization has advanced. In jet, it is difiicult to ascer¬ 
tain whether the products differ from those which arc obtained 
from asphaltum or from coal; but in the few trials made witli 
this view, the proportion of acid appeared to be greater in die 
former than in the latter case. Should this be the fact, the 
bituminization, even of jet, must be considered as incomplete, 
and it will probably be found to yield a .small proportion of tar, 
or of the oil of* wood. 

From a consideration of all these circumstances, there ^'cms 


no reason to doubt that peat is a substance intermediate between 
common vegetable matter and biluminous lignite, and that it is 
capable of undergoing the ultimate change, when all the requi¬ 
site conditions are present. It equally follows, that as the action 
of water is capable of producing the incipient change, there is 
»o reason to doubt that it may effect the ultimate one. This is 
indeed confirmed by the geological situation of brown coal, of 
surturbrand, and of jet, all of which occur in alluvial soils. In 
peat, time alone seems wanting to complete the proccs.s. The 


history of its formation, already given, proves that it is rarely 
of a distant origin; and, in those casein which it shews marks 
of bituminization, it will probably be fciind that its antiquity^ is 
tb« highest. The* bituminous ligiiitcs^e always found buried 
under alluvial soil, sometimes of coii&iv'erable doptli; a circum¬ 
stance generally ouificient <o Tmlicate a linger period of 



Dr MacCulloch on Peat 


sure to the action of the cause by which the change in the vege¬ 
table conijxnind was induced. It is probable that the peat 
found under aiiiivial .soils will be more highly bitiiininized than 
when it occurs in superficial beds; as in most ca.scb it will, in 
thcbC situations, be a more ancient deposit; but as yet no op¬ 
portunities for making the recpiiMtc trials h^ve been afforded. 

It is imjwssible, by direct experiments, to prove that water, 
or the action of water and air combinccj^jjjjijj^ble of changing 
vegetable matter into bitumen, as thf necessary element of time< 
cannot be introduced into such experiments. It may, however, 
be inlerrcd, with a considerable degree of probability, from 
analogical ob.servations. It has already appeared that the essen¬ 
tial distinction between the bitumen and the ]iroductaof vege¬ 
table distillation, consisted in the predominaiiec of oxygen in 
the latter class of substances. Apologizing fox a little laxity in 
the use of the term, the process of bituminization must therefore 
be considered as a deoxydation of the \egctablc matter. Now, > 
when turpentine is converted into resin by the action of air, or 
of air and water, not only the proportions of hydiogcn and car¬ 
bon are changed, but it no longer yields on distillation the same 
quantity of acetic acid A species of deoxyd.ition has here 
tliercfore taken place, and analogous cffect.s appear to result 
from the action of the same causes on the liquid bitumens, and 
on vegetable tar. It was also shewn that peat ^yielded less acid 
on distillation than unchanged wood, so that the action o^’Avater 
in this case also, has the jiowcr of dcoxydatiiig the vegetable 
matter, as well as of dissipating a portion ol' the hydrogen 
which it contains. It is not unreasonable to conclude, tliat it 
may, by a continuance of the same action, produce the ultimate 
change into bitumen. The changes which it is capable of eft’oet- 
ing on the fibrous jiarts of animal matter, by converliiig them 
into adipocirc, if they do not present a very exact analogy, at 
least indicate a |x»wcr adetpiate to the production of effects more 
complicated and less to be anticipated. 

It has been asserted f lat vegetable matter was converted in- 
to^itumen by the action of fire; and, in extending this theory 
to the formation of coalj some experiments have been adduced 
in support of its truth *J These consisted in heating vegetable 

% "i 

• Sir James Watt’s experiments, 
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matter in close vessels, under a species of pressure whifth was 
supposed to possess a power of modifying the results to this 
end. But the produce in this case is neither coal nor even as- 
phaltum, nor is it in the slightest degree bituminized. It is, in 
fact, the pitch or bistre, produced in the ordinary process of the 
destructive distillatiwf of wood; nor could even that solid sub¬ 
stance be obtaiinj^, unless by some careless mode of conducting 
the experiment, as suffer the mf>re volatile products to ^ 
•escape. It is also certain, ''‘^liat the efi'ocl which fire does not 
produce in the commencement of,its action on vegetable mat- 
ier, it does not produce at any stage; and that in no case is it 
capable, in our hands at least, of effecting the change from 
those substances into bitumen. 

Thus ffur alone does it at present appear In our power to il¬ 
lustrate the nature of peat, and of* the bitiiminatcd lignites with 
which it is so nearly allied. But it would be wrong to con¬ 
clude this subject without entering, however slightly, on a much 
rnoie conjectural field of inquiry, namely, the possible relation 
of peat to coal. This is a geological question of great impor¬ 
tance, but on which, unfortunately, there is not much real in¬ 
formation or solid reasoning to offer. 

In examining the mechanical disposition of peat-mosses and 
of coal, a considerable resemblance presents itself. The for¬ 
mer 0 Q 3 ur in strata more or less extensive, as the latter and 
in born, th^ strata vary ui thickness in different parts, common¬ 
ly disappearing in a thin edge. Strata of ))eat ate also occa¬ 
sionally found, like coal strata, rejieated above each other in the 
same place, and separated by beds of sand, clay, and marl; 
substances corrcsjionding, in every respect but induration, to the 
•sandstone, shale, and limestone of coal-fields. In both also, 
there are occasionally found remains of animals and vegetables, 
of which the organization is not destroyed; and this is most re¬ 
markable 111 the pi‘at of estuaries, where tlicse have been entang¬ 
led 111 the earthy malteis as they are in the shale of coal-fields. 
Where peat has been formed in lakes \r cxteiisWi^ marshy cavi¬ 
ties, it occupies distinct spots, si^paratcd from others of the Same 
nature, as are those deposits of coal vhich have bcqji called In¬ 
dependent Formations , 
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The resemblance in composition Iwtwcen peat and csoal is 
equally remarkable. In many coal strata, as in e<^rtain kinds 
of peal, no remains of organic materials can be detected. Iri 
others, reiAains of various plants are found, and tlicse, as in 
peat, present botanical characters which indicate an aquatic 
ipn. In some, fragments of wood aljoimd, and the ^peditnens 
of this nature bear a striking resemblance to the peat of forests. 
But this subject is trite,*'since it has boon ai..^ec][uent subject of 
A'’ remark. '' 

The ehemleal dlfTcrcnces between peat and coal are unques¬ 
tionably great, as are the mechanical differences of texture and 
compactness; but it must be presupposed that the comparison 
is here to be drawn between a stratum of peat previously bitu- 
niini/cd, and in which the change has been completed, even to 
a degree beyond ihat of jet. In'this case, the chemical distinc¬ 
tion ceases, and it remains only to account for the mcc-hanical 
difibrcnces of com])actness, and of a jicculi.r structure, analcv* 
gous to that of shale, by which coal is distinguished from all 
tlic liitumcns and bituminated lignites. 

As it is lieio said that the chemical distinction between coal 
and lignite ceasts at the period of complete bitumimzation, it is 
necessary to sSite moic accurately what the real distinctions are 
between coal, asphaltum, and the bituminous lignites; all of 
theses*^Jioing substances which gi\c results on distillation that 
con'cspond in a viTy perfect manner. ^ 

The composition of asjihaltnm, as it is commoiiTy found in 
nature or produced by lut, dilfer'» diicfly from that of c^l in 
its containing n sm.illor pi-opoj tioii of carbon to the hydrogen, 
or in its yieidinir on distillation a greater quantity of petroleum, 
and a srailki (jMintily i>f icsiduai chai’coal. But c\tti between 
1110*80 two siibstinets theie is sometimes no such distinction, or 
it is very liiiliug; as ^ery dry vauetics qf asphfdtum will be 
found to contain as niuth chaicoal as the fat or bituminous va¬ 
rieties of coal. Til*' chief distinction, at all times, appears, as 
alrie(idy snggeibed, rather of‘a merhaiiKal nature; or, it is a 
diffirenec of diuclure ly which coal i-. clntily di'-tinguishcd 
from asph^lum It !'■ fpt diiliciiU to tonj* ctuiediow that chf- 
fcu'iicc has oiipin lUd, th< toil Ivs bciti .ippucutly bilumi- 
'^ni/ul ih.ectiv fiou) tile*M l d 1* iv ttii, wlnlc the aqilialtum 
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having tm/et be^ HqiudL its ebarcoa} has origintdly been in a 
«Jtate <5orabiiiaiion with the hydrogen. 

*, Between tl«a dienucal composition of coal and lignite, suppos¬ 
ing Uie latter perfectly bituminized, there appears no difference; 
the .only sensible one being that arising from tlie remains of 
gnhlzatkm visible in the latter. By a process of fusion, jet can 
in Ihct be converted iyto coal; or, at least, the slight difference 
Avhich may rcmaiii, is that only which arises from the imperfect 
hiluminiza^n of tlie jet; circumstance which docs not afi^ct 
this inquiry. 

It remains, therefore, only to discjover by what beds 

of bituminized peat or lignite may have been so condensed as to 
acquire tlie peculiar compactness and mineral structure display¬ 
ed by coah; as the chemical resemblance has bc*en establislicd, 
and as it Ji<is btvn slicii n that tlio former arc produced by the 
action of water on vegetable matter. Those who have con&ider- 
<^>d the process of bituvuinizatiou to have resulted from the action 
of fire, have also viewed the peculiar structure of coal as tlie 
vonscMpicmt'of fusion under pressure. The fallacy of the ex¬ 
pel nneiiLs by which the former circumstance was supposed to be 
cBlabhdiod, has already been shewn. To determine the pro¬ 
bability of the laUer supiwsition by a more correct mode of ex¬ 
perimenting, portions of jet were submitted to the action of fire, 
under ^pressure so regulate^,! as to admit the escape of sycsfi vo¬ 
latile IHattej^ as might taidanger the apjiai’atus. Thus the orga¬ 
nized structure of the jot w.is dtslroycd, and the' mass was 
brought into fusiMi. On being cooled, it broke easily into ir¬ 
regular frngrni'nis, not unlike some varieties of coal. In all 
other respects, us might be expected, it boic an exact rcscra- 
iilancc to that sul 'st.incc; and it is aLo worthy of remark, that 
in propoTlion to the greater or less facility witli which the vola¬ 
tile mailer escaped, results bore an analogy, sometimes to 
dry, and at others to bituminous coal. 

It docs not, liowever, follow from these cvpciimcnts, that the 
theory which tliey seem lo'siqiport is t^te true one. There is, 
in the 6rst place, a dcliiiency of evidence to prove, 
seicondary strata in wlncli coal is fouii 1 h.^vc bieu exposed to 
the action of lire. In the qext pkive, .lUhoif/'li tl.e stqierincumi- 
beUt weight of matciials» woifld uiuloui/t. dlj give the degree cH 
pressure required by tins hyi>oilies, , t^^at pix«jSurc is not in it- 
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sufllclent to answer ail tiie reqi^li^ con#i^oi3lS$[i<' po* 
rOMty of the strata which surround coal, b generaJijf%*icli that 
they woul^ not prevent the escape of the tolat^e matters whidi* 
Would be-separated by the action of fire. The coal wopdd 
thensfore be cliari'ed in a great proportion of cases, 
surrounding materials ’would be impregnated with 'Mtuihen. 
That the former effect would take place, is pjpved by an occur¬ 
rence by no means unfrequent, which may be considered as a 
direct experiment in illustration of/lkis question, ]^^orniod bj 
nature on the great scale. occurrence is the passage of 

trap-veins through beds of coal, the effect of which is to pro¬ 
duce the consetjuences in question, notwithstanding the pressure 
of tlie superincumbent strata. The frequent occurrence of bi¬ 
tuminous shale, or of bituminous sandstone in the* vicinity of 
coal, admits of an easy explanation, without the necessity of 
recurring to the action of fire; by recollecting that the mixture ^ 
of peat*with clay and wiUi sand, which is not unfrequent, woul^*^ 
nccc'ssarily bo converted into these compounds by the sam^V 
causes which changed Uic pure peat into coal. Lastly, it is 
not possible to conceive, that had coal been pi’oduced by llie 
fusion of peat or lignite, the forms of vegetables should have so 
often lieeu preserved ; since, in applying artificial heat, even un¬ 
der pressure, all marks of organization are obliterated; a consc- 
que]^ that might indeed he easily foreseen. 

There appears no reason, therefore, to attribute jthe ]^uliar 
form and sUfucture of coal to the action of fire, hut thq suppo¬ 
sition is, on the contrary, attended by unsurmountable difiicul- 
ties. On the other hand, tlierc appears no difficulty in cobeeiv* 
ing that these may have resulted from mere pressure. Jot and 
brown coal are unqucslionably indebted to tins for their compact 
ness and form; and lliere is scarcely a greater difference in this 
respect between coal and compact pcatj.^jjthan there is between 
jet and common submerged wood. Nor is it very difficult to 
conceive that, under a state of minute division, aided possibly 
by the pre->encuof watejj^vrojd miglft assume the peculiar mine- 
I’l^^trutturc by wliich it is characterised. Under similar cir¬ 
cumstances, shale ajqjears to be produced from clay, and there 
is a striking analogy between the concretionary structure of tliis 
rock and that of coal. * ‘ 
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With wi^ect to tlio ccwnparatSve position of peat and of coal, 
as they r^date to the earth’s surface, they present no difficulty 
which is not easily removed by geological analo^es. The diffe¬ 
rence depends solely on tlieir relative antiquity, and jt is no 
more difficult to imagine beds of peat deposited under the mate¬ 
rials which have bee^,converted into rocks, than to account for 
beds of couchiferous limestone, or for the accumulations of or- 
ganic remains, both animal and vegqjable, which are found 
deeply buried beneath the rocky strata of later origin. 


Art. II. —Account uf the Seven Icebergs of Spitnhergen*. By 
William Scoiiesby, Esq. jun. E. 11. S. E. and M.W.S. &c. 

One of tlie most interesting appearances to be found in 
S})itzbergpn, is the Iceberg. Tins term, written Ysherg by the 
Dutch, Bignifies icc-mountain. I speak not here of the islands 
of ice whu'Ii arc borne to southern climates on the bosom of 
the t>cean, ]>iit of those prodigious lodgments of ice which occur 
in the valkus adjoining the coast of Sjutzbergen and other Po¬ 
lar count IK’S, from which the floating icebergs seem to be de¬ 
rived. Where a chain of hills lies parallel to the line of the 
coast, and within a few miles distance of the sea-beach, having 
lateral ridges jutting towards the sea, at intervals of a lea^e or 
two, wIMiave a most favourable situation for the formation of 
icebergs. J'uth is precisely the nature of the situation a little 
to the nortliward 'of Chailcs’ Island, where the conspicuous bo- 
xbe.s rtf ice noticed by IVIarlons, Phipjis and others, and known 
by the name of the Seven Icehc?gs, ^oveur. hlath of lliese oc- 
cjjpics a deep valky, ojieu towards the sea, formed by hills of 
about 2000 leet elevation on the sides, and terminated in the 
interior by the chain mountains, of* perhaps 3000 to S500 
feet in height, which follows the lino of the coast. They are 
exactly of the nature and appearance of glaciers; they com¬ 
mence at the margin of tliC sea, whev'^they frequently consti¬ 
tute a considerable precipice, and extend along the valley, wlfi^ 

^ - -T-u-, - -ir- r— 
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commonly rises ^ith a gentle slope, until they are elthea: termi¬ 
nated by the brow of the mountain in the back ground, or in¬ 
terrupted by a precipitous summit. Besides 'these icebergs, 
there are some, ctjiially large, near the nortli-west angle of 
Spitzbergen, in King’s Bay and in Cross Bay, and some of 
mudi greater magnitude near Point-loolji.<iut, besides many 
others of various sizes, in tlic large sounds on the western side, 
and along the northern and eastern shores of this remarkable 
country. < 

The Seven Icebergs are each, on an average, alxiut a mile in 
length, and perhaps near SOO feet in height at the sea edge; 
but some of those to the southward are much greater. A litttlc 
to the northward of Horn Sound, is the largest iceberg I have 
seen. It occupies eleven miles in length, of the sea-coast. The 
highest part of the precipitous front adjoining the sea is, by 
measurement, 402 feet, and it extends backward toward the 
summit of the mountain, to about four times that elevation. Its 
surface forms a bcautifBi|^inclined plane of smooth snow; the 
edge is uneven and pei*pciidicular. At the distance of fifteen 
miles, the front-edge subtended an angle of ten minutes of a de¬ 
gree. Near the Soutli Cape lies another iceberg, nearly as ex¬ 
tensive as this. It occupies the space between two lateral 
ridges of hills, and reaches the very summit of* the mountain, in 
tlie back-ground, on which it rests. 

It is not easy to form an adeejuate conception of these truly 
wonderful productions of Nature Then* magnitude, their 
Ireauty, and the contrast tliey form with the gloomy rocks a- 
round, produce sensations of lively interest. Their upper sur¬ 
faces are generally concave; the higher parts are always cover¬ 
ed with snow, and have a beautiful appearance ; but the lowei- 
parts, in the latter end of every summer, present a bare surface 
of ice. The front of each, which varies in height from the le- 
vel of the ocean, to 400 or 500 feet alxive it, lies parallel with 
the sliore, and is generally washed by the sea. This part, rest¬ 
ing on the strand, is iiiy^ermined to such an extent by the sea, 
wKen in any way turbulent, that immense masses, loosened by 
the freezing of water lodged in the recesses in winter, or byjthe 
effect of streams of water running over its surface and through 
its chsgms in summer, break aSundcr, and with a thundering 
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noise fall into the sea. But as the water is in most places shal¬ 
low in the front of these icebergs, the masses which are disltxlged 
are commonly reduced into fragments before they can be float¬ 
ed away into the main sea. This fact seems to account for tlic 
rarity of icebergs in jtlie Spitzbergen sea. 

The front surface dl’icebcrgs is glistening and uneven. Whero- 
cver a part has • recently broken off, the colour of the fresh 
fracture is a beautiful greenish-blue, ajtproaching to cmerald- 
^reen ; but such parts as have long been exposed to tlie air, are 
of a greenish-grey wlour, and at a distance sometimes exhibit 
the appearance of cliffs of whitish marble. In all cases, the ef¬ 
fect of the iceberg is to form a pleasing ^ricty in prospect, with 
the magnificence of the encompassing snow-clad mountains, 
which, as ’they recede from the eye^ seem to “ rise crag above 
crag,” in endless perspective. 

On an excursion to one of the Seven Icebergs in July 1818, 
I was particularly fortunate in witnessing one of the grandest 
effects which these Polar glaciers ever present, A strong north¬ 
westerly swell having for some hours been beating on the shore, 
had loosened a number of fragments attached to the iceberg, 
and various heaps of broken ice denoted recent shoots of the sea¬ 
ward edge. As we rowed towards it with a view of proceeding 
close to its base, I observed a few little jileccs fall from the top, 
and whUe my eye was fixed upon the place, an immense co¬ 
lumn, probably fifty feet square, and one hundred and fifty feet 
higli, Iwgan to leave the parent ii’c at the top, and bjaning ma¬ 
jestically forward, with an aecclcratctl velocity fell with an aw¬ 
ful crash into tlie sea. The water into which it plunged was 
converted into an appearance of vapour or smoke, like that 
fVom a furious cannonading. The noise was equal to that of 
thunder, whicli it nearly resembled. The coluniii whicli fell 
was nearly square, and in magnitude resembled a cliurch. It 
broke into thousands of pieces. This circumstance was a hap¬ 
py caution ; for we might inailvertcntly have gone to the very 
base of the icy cliff, from whence masses* of considerable magni¬ 
tude were continually breaking. This iceberg was full of rents, 
as high as any of our people ascended upon it, cxtc”*ding in a 
direction pcrpendicqlarly dovrnward, and dividing it into innu¬ 
merable columns. The surface was very uneven, being furrow- 
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fed find craclvcd fill over, This roughness appeared to be o<;ca^ 
sioned by the melting of the snow, some streams of water being 
seen running over the surhice; and othi'rs, having worn away 
tht‘ superficial ice, could still be heard pursuing their course 
through sub-glacial channels to the front of the iceberg, where, 
in transjiarent streams, or in small cascades, they fell into the 
st'a. In some places, chasms of sci’eral yards in width were 
seen, in others they wei'c only a few inches or feet across. One 
of the sailors ivho atremjited to walk across the iceberg, impru¬ 
dently stept into a narrow chasm filled up with snow to the ge¬ 
neral level. lie instantly plunged up to his shoulders, and 
might, hut for the sadden extension of his arms, have been 
buried in the gulf. 

In the first ages of* the Spitzbergen fishery, when the ships 
frequented tlie bays and liaj’boiir.s, and sometimes moored close 
to the shoio, many serious disasters vrere occasioned by the fall 
of pieces of icebcigs. An instance is ii'coidcd by Purciias in 
his “■ Pilgrimes.’'’ One of the llussia (Company’s ships, wliicli 
nas on the ivhale-fisliery in the }oar Kil9, was driien on shore 
in Bell Sound, by icc setting in from the sea. 'file Cajitain, 
with most of his ei'ew and boats, was absent at iho time of tlic 
accident; but on the first intelligence, caused ins boats to be 
haulctl up on the ice, and jirocecded on board to cndcjivouT to 
get tile sliij) oil. >Vlter they h.id bi'cn using evciy endeavour 
for this put pose during about an lioui’, a main ])icce of an ad¬ 
joining ice-clifi’came ilomi, and almost ovcrwlielnied the vessel 
and her crew in its ruins. U’he shock must hiivc been tremen¬ 
dous. 'fhe ice winch fell, struck the ship so high and so for¬ 
cibly, that ]1 cairil'd away the foiemast, broke the maiii-mast,” 
spuing the bow spnt, and fiung the sliip over with such \io- 
linicc, that a piece of ordnance was thrown ovcrlioard from un¬ 
der the luilf-deck ; and the C-aptaiii and some of the crew were 
projected in the same way. The (.'api.-iin, not withstmiding his 
imminent datiger, uith fragments of ice flying in all directions, 
and the masts of the shi|) falling around him, escaped unhurt; 
but the mate, and two mote of the crew, were killed, and many 
otliers wet:;.' v ounded. s 

Icebergs are jirobably formed of«morc solid ice than glaciers; 
but in every other rcsjiect they arc very similai The ice of 
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■which they coiisibt is, Indeed, a little jjorous ; Init considerable 
pieces are found of })crfect transjiarency. Tlcin^ wholly produ¬ 
ced from rain oi- snou’, the water is necessarily potable. Icebergs 
ha\e also the same kind of origin as glatii'r.s. 'i'he time (»!’ their 
fourulation, or first stratum being frozen, is probably neai ly co¬ 
eval with the land on which they are lodged. I'heir subse¬ 
quent increase seems tp liave been produced by the rongelation 
oi* the sleet of summer or autumn, and»of the bed of snow an¬ 
nually accumulated m winlc-r, which, being ])arlly di'«sol\cd by 
the summer sun, becomes consolidated; and, on the tlechne of 
the summer heat, liozen into a new siratum of tianspareiit ice. 
Snow subjected by a gentle heat to a thawing proix'ss, is first 
converted into large grains of icc, and these ai e united, and 
arteinvardsfonsolidateil, under particular eircunistancI's, by iJie 
W’ater which filters througb among tluan. If, when lliis im¬ 
perfectly congealed mass has got cooled down below the fm-z- 
ing tcmpcratnie by an interval of cold woatliei, tlic sun bre.ik 
out aud ojieratc' on the other surface so as to chssolce it, the 
W’atcT which results runs into the porous mass, ]n ogressic ely fills 
the cavities, and being then exjioscd to an intei nal tenqieraturc 
.sufficiently low, fivezc^s the whole into a solid body. t)r if, 
when the ice has been cooled by a low tenipcralmc’, a fog or 
sleet occur, it is frozen as it falls, and eiiciusls the body ol the 
iceberg wath an adchllonal varnisl,' of iec. 

Icebergs are as pcimaiieiit as the rocks on a\I nch they rest; 
for though large jiortions may be fre([ueuliy separated from 1)10 
lower edge, or, by large avalanches fiom the mountain summit, 
be hurled into the sea, yet the annual growth rc-plmiislies the 
loss, and, jirobably, on the wdiole, produces a peijieUial in- 
fcTcase. But the annual siqiply of ice is not only added to the 
u[)per part, but also ter the piecipltoiis crest facing the scv'i; 
wdiich addition being run into, or susjiended ovc'i the ocean, 
admits of new fragiiicmts henig detached, and of the renewal 
of the vitieoLis surface* which it ])tcsc‘nts to the e\c after C'acli 
separation. In some places, indeed, where the sea is almost 
peiqietually covered with lec*, the bc'rg or glacier makes its way 
to,a great extent nUo the sea, until it reaches the dejith in tlie 
water, of scveial hundreds^of feet, and then bcang c’apahle of 
large disiiieinbcrineiits, give*? lisc to the kind of mounUunous 
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masses or icebergs, ibund afloat in such abundance in the sea to 
the westward of Greenland. Thus, the extent of surface occu¬ 
pied by each iceberg, is limited by the mountains on three sides, 
and by the sea, in a measure, on the fourth; ]>ut as to its thick¬ 
ness, there seems no natural obstacle to its perpetual increase. 


Aut. Ill.^^Jccount of the Malleable Iron Pcatscige^Boat, now 
plying on the Fat th and Clyde Canal. In a Letter from 
John ilonisoN, Lsq. 1<\ 11. S. K. to Dr Jlrewster. 

Deaii Sir, The Grovc^ December 1819. 

I HAVE now the jileasure of sending ytiu the memoranda 
and sketches you M'^ished for, (jf the malleable iron pah.sagc- 
vesscl, constructed last winter and spring for the service of the 
Forth and Clyde Canal Company, by Mr Wilson, ship-build- 
er, from the designs, and under the direction of a very able en¬ 
gineer, Mr Henry Creighton, late ol Soho, and now of Glasgow. 

The Hull was built of iron, in order to avoid the often 
recurring and expensive repairs to Avhich the Avooden A'cssels 
had been found liable. Considerable opposition to the jilan 
was made by the persons connected Avith the navigation of 
the boats, Avho .said it Avould be found inconvenient and unfit 
for the service; but cxpci ience has proved it otherwise, and 
The Vulcan has been Ibund to be the most agreeable and 
manageable of the passage-vessels in every A-^aricty of weather, 
while, though carrying more passengers than any on the old 
plan, it is as easily tracked us the smallest of them; and from 
the lowness of the centre of gravity, it admits of a large cabin 
and awning on deck, Avliere the passengers arc better accommo¬ 
dated than in llie fiirmer way below. The dimensions are, 


Kxtioinc length, - - - - (J3 feet, 

Beam, 19 


Depth, (including 6 inches keel) 5 


Abaft. Forwaid. 

Draft of water of the irdn hull, Avhen 

launiJicd, - - oo* inches, 19 inehc.s. 

Ditto,*, Avhen fitted u}i A\ith cabins. 


&c., 

Ditto, 


.- 37 25 

with 200 passengers and 
dieir luggage, - under dS on an even keel 






n \Ti \ u 


ih }i / 


i /r 
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Weight of iron employed *. 

Tons. Cwt. Qrs. 

Keel, btem and stern-posts, 1 18 0 

llibs, rivets, &c. 4 0 0 

Plates for the hody^ - 00 

Gimwalc-i)late.s, SO 

Rudder, bi]go-p]atcs,'Scc,, - _ - 0 11 3 

y -I- 

• ' IS 11 3at54pcrewt. 

or little more than twelve and a half tons, which is rather less 
than that <)f a wooden vessel of the same external, and smaller 
internal dimensions. 

The accomjianying sketches shew the modes of joining and 
fastening .s<5 di.stinctly, that I need not trouble you with any 
detail. 

Plate VII. Fig. 1. is a broadside view, 

a bircfs-eyti view of half( 
the insKle, (tcimed on a small scale. 

half breadth jikin,) 

3. a rnulshi]) section, ^ 

4 ])arl of tlie inside, (look_f 

... > on a larger scale, 

mg alt,) - - f ^ 

5. Do. do forward, - y 

6. a small part of a rib and plates, (much 

enlarged ) 

This mode of joining the plates edge to edge witliout over- 
lapjMiig, and h.iving the rivet-holes counter sunk on the outside, 
gives a perfectly smooth surface, which, when ])aintcd, cannot 
bo distinginshed from that (d‘ wood jilank. 

“ The skctebc.s are taken from tlie onginal plan for a boat of 
11 feet beam ; m the execution it w'as enlarged to 13 h'ct. 

An unforeseen advantage has been experienced in the use of 
this vcs.se], the cause of which is not 'sery ajipaiont. When 
any of the other boats have been laid aJong^de <if the canal 
bank to take in or (hscharge passcnger.s, they eontmuc, on being 
again put in motion, to rub on the bank, until tlicy acquire 


• The iron \\iV. ol llic Kind called tiptop, and wus rolled and forfctd .it tlie Monk- 
land btecl CoinpaiuX Worjes. • 
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head-way enough to bring them under command of the rudder, 
but the Vulcan immi'diatcly springs oft' the bank, and takes 
into the middle of the canal 

Pumps for dealing away leakage or bilge water were put in¬ 
to her, but I believe they have liardly been required to be used. 

It has been under contemplation to cause the hoi f.es to track the 
boats through the intervention of a spring, in order to'equalize 
their exertions, which vary, in w/ minute portiims of time, 
from 100 lb. to 1000 lb. while the average strain on the Hue is 
between 250 lb. and 300 lb. It has been found impracticable, 
hotvever, to procure springs combining sufficient ])o'ver ol exten¬ 
sion "I* and strength, and I believe we must have lecourse to one 
whose temper wdl not be found liable to tail; I nu‘an tliat of air 
acted on by a piston in a barrel of adequate dimtmsions. Perhaps 
some of your readers will liave the goodness to suggest a con¬ 
venient foim. The points to lie observed are, that the ajqiaia- 
tus do not incommode the jiassenger'-, and that it be adapted 
to (he use of such peojile as are enqiloyed in navigating the 
vessels. I remain, iny chvu Sir, ^ery sincerely yours, 

John Horn son. 


Art. IV.-—*S7rf’A (f the Distribution of Hods in StufJnnd. 
Ily Samuel ITirbert, M. D. F. R. S. E. and M. W. S. See. 
(Conduded from p. 79 ) 

ROCKS IN THE WESTERN DIHTUK'TS OE SHETLAND, COMl'llISlNO 
THE I'AHISHES OF SANDSTINO, WALLS, AND AITHSTING, 

rp 

jL HE whole of thesi‘ rocks arc situated to the west of that 
extreme portion ol the mass of ejadotic sicnite, wdiidi we may 
trace I'rom Sand Voc, m a norlherly direction, to Aith Voe. 
The riK'ks of this district maybe thus cnumeiated • they are, 
The gi'anitc ol‘ Sandsting ; ildbj. The strata maintaming a 


• The fiinn i)f the hottoin i)f Ixint was cojm-cl from a motkl stnt liy Atl- 

miral Shank. It evols the othos wliifh h.i\o lietn tiihti, as it occasion*, little 
agitation in tl . water, and is theielorc, lavoiuable to the picseicalion of the (’anal 
hanks. • 

It IS wished that llic cvteii'jion 'houlcl nut he Ics.. than tlncc feet with the 
force ol J O'XJ lbs. 
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course from the granite of Sanclsting, to that j>art of the cpido- 
tic sienitc which extends from Sand Voc to Aith Voe; 

The bluish-grey quartz of AValls and Aitlisting; The 

strata maintaining a course from the granite of Sandsting, to 
the bluish-grey quartz of Walls and Aithsting; The stra¬ 

ta maintaining a coh»se from Uic bluish-grey (piartz of Walls 
and Aithsting, to thm granite of the Islands of Venientry and 
Mcikle Rheu ; ^thly, Tliej;ed quartz.of the Hill of Walls; 
^thly. The strata maintaining a course from the red quartz of the 
Hill of Walls in a northerly direction, their supposed junction 
with the granite of Meiklc Rheu being concealed by the sea; 

The sandstone, porphyritic claystone, conglomerate and 
amygdaloidal rocks of Sand Ness, and the Island of Papa Stour. 

Granite of Sand filing.——1 have thus designated the 
rock from the parish in wdncli it occurs. The granite is com- 
jiosed of a very red felspar and ([uartz, containing little or no 
mi( a. Hornblende is occasionally an abundant ingredient, by 
the acquisition of which we have a sienitic rather than a granitic 
rock. This mass, which is what geologists call Acedge-shaped, dis¬ 
plays, in a horizontal section, a truly erystidlme ajipctirance. The 
two Ixiunding lines of this av edge-shaped mass, appear to diverge 
from a mere point at the head of Bixctter Voc. 'I’he westerly 
line may be traced in a direction of S. 33" W. AA'hcrc it is in 
Contact Avith the quartz last desciibed, to Valey Island. The 
easterly line may be observed in a direetJon of nearly due soutlt 
to pas.s through Rewick in Skclda Voc',. terminating on the east 
of Skclda Ness. 

2d/y, Strata maintaming a course from the Granite of Sand¬ 
sting to ilutt part of the Kpidotic Sienitc ichkh extends from 
^and Voe to Aith Voe .—These strata, in trating them from the 
south, arc first manifested at RevvickNess, wlierc tlieir actual junc¬ 
tion Avith the granite at Skelda Ness is only concealed by tlic in¬ 
tervention of the narrow channel of Skelda V’oe. Prom RcAvick 
Ness the strata are continued to thelslandof KirlJiolm and toKir- 
kaness, situated bctw^ccn Selic Voe and Sand Voe,' and, lastly, to 
Rixeter Voe, AAdierc they are observed to be in junction aviiIi tlio 
1 C sienitc. Thus, tlic course of the strata is frojn the gra-, 
nitc of Sandstmg to the ejiidotic sienitc. 
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I find that it will be difficult under one single term, to conwy 
any Kignificant idea of the ingredients of which the rocks of Re- 
wick Ness and Kirkaness aie composed. Awhile quartz, gene¬ 
rally compact, is certainly one of the component parts, which is 
the most prevalent, but this is blended with talc, or with mica, 
which approaches much to the character (if talc, and also with 
felspar. The term I shall use to cx[)ress/ this combination will 
therefore be, “ a quartzose rode combined Avith talc, mica, and 
fel.spar."" Uffic rock is particularly prone to decomposition, scf 
that it is difficult to obtain a specimen that is not weathered. 
The stratiiicalioii is very much confic^ed, and often obscure. 
The best directions wlfuh I could obtain were from N. 15" to 
20" E which IS agreeable lo the particular course of the strata 
already staled, 'i'hcse also vary much from the iillerruption 
caused liy small iir'idati-d masses of granite, as ivell as by the 
occasional association of the quartzosc rock Avith hornblende- 
slate. Several masses of limestone arc also apparent, Avhich 
have a course nearly parallel to that of the strata among which 
they occur; of these, the most considerable is in the Island of 
Kirkholm. Limestone also occurs at Kirkaness, and on the 
shores of Bixeter Voe. 

To the Avest of the quartzosc strata at the head of Sehc Voc, 
and on its western banks, is a subordinate manifestation of those 
kinds of rocks which I liaA'c described under the character c 
nuclei, as affording attachments to strata, as well as determining 
their course and extent. This small bounding mass is a con¬ 
fused intermixture of hornblende, greenstone, granite, felspar- 
]X)rph\ry, and sienito, together Avith occasional strata of clay- 
.slalc, the whole being in a very loose state of decomposition. 
This miscellaneous rock has probably, with the excejition of the* 
clay-slate, the clfcct of affording attachments to other quartzosc 
strata, which, though very considerable as to their extent, may 
lie traced north of Bixoter Voe, as far as Aith Voe, in junction 
with the cpidotic sienito. 

The Blni.s-h-ffrn/ Quartz of WuJh and Jithsting.^ 
This mass may he also, like the granite of Sapdsting, consider¬ 
ed as Avedg''-sliaped, and is best traced from north-cast to soutii- 
Avest In a honzonl.ll section, its •form seepis no less crystal¬ 
line tlum that of the gTamie. Two bounding lines .qqicar to 
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diverge from nearly a pfunt m the Island of Papa Little, of 
which the one is continued in a direction of S. 00° W. to the 
western coast, a little north of the village of Laic; whilst the 
other extends in a straight line S. 32” W. to the head of Ihxe- 
ter Voc, when it first conies in contact with the granite of Sand> 
sting, and thence is Jlontiniied, in the same direction, to \ alcy 
Island. \ 

The quartz is distinguishcKl m colovin from that of an adjoiiv 
ing mass of a similar kind^ by being bluish-grey, and it is various¬ 
ly found w'ith a compact and granular structure. It admits in¬ 
to its composition much felspar, which is rentlcred ^ ery evident 
in weathered specimens, containing also, in addituni to the fel¬ 
spar, occasional small jKirtions of clayslate, by winch it becomes 
the Gramfacke of some authors. Along its north-wc'sterly line 
of boundary from Papa Little to Kihsta Voe, tlie (piaitz i.s por- 
pliyntic, including, bc.sides crystals of felspar, angukir portions 
of the same, which give to the rock on this occasion somewhat 
of a conglomerated charac.tt'r. At Valey IsKmd and Gruting 
Voe, and along the line where the quartz is joined to the gra¬ 
nite of Sandslmg, either an alternation of the tw'o rcx;ks, or a 
trarisition of one rock into another, by an interchange of sub¬ 
stance, frccptcntly lakes place. Occasionally, however, none of 
these appearances are manifested, and tlie line of junction is per¬ 
fectly distinct. 

The stratification of the quartz is only an oceasicmal ciicuni- 
stance, which seems remarkably connected with the partial cx> 
currence of mica. Wherever regular strata are thus jirocluced, 
they range with those of no other contiguous rock, the chicctum 
being nearly 1‘rom east to west. Considering, thcrel'ore, tins m- 
^jcpcndcncy of stratification, together with tlie cr 3 "Stalhnc form 
of the (juartz, as it ajipears in a horizontal section, I liuvc little 
hesitation in assigmng to it the character of a nucleus. Tliat 
it ajipcars to determine the extent and direction of strata in the 
attachments which it affords to tlicm, will be rendered evident 
when I treat of the rocks in connection witli it. 

At the North Voc of Clousta, there occurs, resting on the 
quartz, a small roundi.sh conglomerated muss of gianije, felspar, 
and quartz, scarcely, pei]ia}\s, more than 150 yiuds m duiiictcr. 
Such a gladual transition of one rock into the other is obser- 
vahle at (ho junction, as to jss’gn to eac^i a totompoiancons oii- 
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gin, A few of the conglomerate strata next to those of the 
quartz, range with them at a similar angle of 45'’. But, cross¬ 
ing the strata for a distance of a few yards only, they gradually 
acquire an inclination with the horizon of only 10°, and, main¬ 
taining this jiosition, they are terminated. Now, there is ei cry 
reason to sujqxise, that the lower edges of ihe strata of the con¬ 
glomerate rock, arc in contact with they^u^face formed by the 
upper edges of the strata of quartZj. in the manner of other con¬ 
glomerate strata formerly described. T his change of inclination, 
therefore, from 45‘ to 10*, can be satislactonly accounted lor, on 
the supposition, that the strata had acquired mi adtlitiou of n(>w 
matter in their descent; which addition may cither consist in an 
increased thickness of the strata, or m an accession of iiC'w strata. 
It is ihns that the increased accuimilatuni of mattei, which the 
strata may possibly hai 0 leceived in pro]X)rUon to their depth, 
would jirodiice an elevation of the uppermost .strata. 

The Strata maintaiman a Course from the Granite of 
Sandstmrr io the Blalsk-^reij Quart': qfWalh and Allhstln^' — 
An angular space, formed by the easterly bounding line of the 
granite, which ohliipiely meets that of the quartz, is distinguish¬ 
ed by the presence of gnehs This space mtludes the laud t«j 
the west of Schc Voc, with the exception of Bewick Ness, and 
also the land to the nortli-west ol Selle V^oe, and south of Bixetor 
Voc; together watli tliat traet wliicli lies between the nortJi of 
Bixetcr Voe and the small lull of Braewick, to the west of AiUi 
Voe. 

These strata arc first observed on an eminence to tlie west of 
Sclie V oe, where they are separated from the cjuartzosc strata 
of Kirk ancss, by the intervention of the miscellaneous rock al¬ 
ready desciibed, which is of little extent, consisting of horn¬ 
blende, green.slone, granite, felspar-porjifiyry, and sieiiite; to¬ 
gether* with (K-caslonal strata of clay-slate. The rocks iu all the 
track soutli of Bixcter Voe, are so concealed by a deep bed of 
turf, that we must depend upon a veiy lew occasional expo¬ 
sures for the removal of our difficulties with regard to the na¬ 
ture of the strata. But to tiu' north of Bixetcr V oe, and to the 
west of AV,h V'oe, the rocks aie somewhat better e\])osec!. The 
gneiss is occasionally associated wit lx mica-slate, .ind is traversed 
by insulated vciiim of giamlc. i'rom the very few' opjioiluiiilio 
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air<.Ji tlecl nic to of the direction of llic strata, they appear¬ 

ed to run about N. E The chp >vas to the west at a varie¬ 
ty of angles, generally about 45", 

ritldij. The Stinfa tnainfa'min^ a Cimrne from the Bluish- 
ffret/ Qaa?t:. of W<dls raid Althsthig, to the Granite of the 
Islands of Vementtfand Meildc Rheu —In reference to the 
course oF thcsi' strata, I am obliged to anticipate that a 
\ery consiclerabU* nias.i of ^%nite occupies the north-^vest por¬ 
tion of Shellcind, vlncli, in tracing it from the south, is 
first observed in that northerly part of the Island of Vemen- 
liy, which is c-cmt.'uncd betuetn the Northern Voe on the 
Avc'st, and a small niK't of the sea on the east, close to the house 
of Mr Bixon This mass is continued to the adjoining Island 
of IMeikle liiieu, and thence to the* jiarish of Nortlnnavinc in 
the 1\ lain land I shall have occasion to desc nbe Iiereafter tins 
mass ol’granite, vine h, m its inuieralogical character, resembles 
in a grecit measure that o!’Sandstmg. 

'J’he strata now under consideration deiive their course, as we 
tiaee tiu'm in a northeily direction, from thatpait of the bound¬ 
ing line of the' blui'.h-grey cpiartz, M'hich has been de&cribcd as 
]i.issmg into ])oiphvry, and Avhuh may be geographically jKiint- 
ed out as iiKludmg the north-westerly angle of the Island of 
Papa Tiitth', the Island of Veinentry, with the exception of that 
part V Inch is occi'pied hy the giamte, the tiait ol'land soutli of 
llvcsi Sound lying between Jbaganess and Sonsoness, the ex- 
tiemily of the Ness of Nimshurgh, the jironiontory oi‘ the Ne- 
ing, and the scailh bank of Jinn a Voe, where it joins the head¬ 
land of Snail ants'-. 

ddie strata eonsi'.l of gneiss, so associated, however, and inti- 
inately eomhmed vith hornhlc-ndc, that I have given to the 
rock the name of llornhlenthe (Ini'iss. In every s])eeimen which 
w'c examine, the hornblende is either openly manifested, or is in 
such a stale of intimate union with the felspar, as to impart to 
this ingredient of tlie rock a greenish tinge. Imiumcrable small 
insulated niassc's of granite al.'>o are everv where present, tra¬ 
versing the strata in all directions ; Avhilsi, occasionally, in the 
pktee of gianite, we observe felsj)ar-])or})hyry, sienite.^)!' sienitie 
greenstone. Sey era! ina'^ses’of limestone also, of iiiconsulerahle 

extent, maintain a eouise neaily jxirallel to that of the adjoiumg 

a 
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strata. A ihm stratum of limestone is observed near Sonsoncss 
to penetrate a small mass of granite, its course through the rock 
being in a very remarkably degree distorted. There is, at the 
same time, an mtermixturc of the substances of which both 
rocks are composed. 

It is owing to the general presence of those small insulated 
masses to which the character of nuclei bas been assigiieil, that 
it would be very difficuk to speak ’*itli much degree of aci^uracy, 
respecting the general direction or dip-'of the strata among which 
such interrupting masses occur. Tlic most prevalent direction 
seemed to be fromN. toN. 40“ E. Tlie actual course of the strata, 
however, considered en masse, is certainly from the bluish-grey 
quartz of Walls and Aithsting, to the granite of Vementry and 
Meikle Rheu. The junction of the quartz with the strata of 
gneiss, is perceptible throughout nearly the whole line of boun¬ 
dary described; but the junction of the gneiss with the granitic 
mass to the north, is only manifested in the Island of Veinen- 
try ; elsewhere, it is concealed by the appioacli of the sea. In 
Vementry may be observed a few very remarkable mwasions of 
the gneiss, by jirocesses Ironi the mass of giaintc. In the pro¬ 
montory of the Neing, also, theie is probably a siunlai nivasKUi 
from the granite of Meikle llheu ; for to such a connection, 
though concealed by the sea, may perhaps be referred the pene¬ 
tration of the strata of gneiss, by a vemous moss measuring 45 
feet in width. 

6thltj, The Red Quart^-Roclc of the Hill of Walls .—The 
liluish-grey quartz before di'seribed, is connected in it* northern 
boundary line with another but smallei mass of quartz, the 
colour of winch is, according to Wcrnci’s nomenclature, cochi¬ 
neal red. The red quartz also contains lelspar in its composi¬ 
tion ; it is at the same time uiistratified. The rock may be geo- 
grapbically described, as fmmmg the hill of Walls, having an 
elevation of nearly 1200 feet above tlie level of the sea. The 
form of tins mass of red (piartz, as induced by a horizontal sec¬ 
tion, is very nearly similar to that of the bluish-grey quartz. 
There is only this diflcrencc, that, in the red quartz, the an¬ 
gular a])ev from which the divcigency of its bounding hues 
is continued, is bent outwards s» as to be separated I'rom 
tlie bluish-grey quartz to which the rock is elsewhere join- 
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ed. This apex of the red quartz, gct>graplncally represented 
by Snaraness, together with its separation from the contiguous 
mass of bluish-grey quartz, may be easily detected by observa¬ 
tions made at the point of land to which I refer, on the cast of 
Kilista Voe. 

The strata v^a'mtaimng a course from the Red Quartz 
of the HiU of Wallsj t^ir supposed JnuiTmi teith the Granite of 
Mctklc Rheu hemg conce^laj bp the Sea. —These strata wluih 
bne the coast, occiqiy all dhe space in the map, bounded on Uic 
east by Snaraness, and on the west by the Clift's to tlie east of 
the harbour at Norbie. 

Almost every thing that has been said relating to the last 
mentioned strata, will apply to the description of the present 
rocks. Exclusively of certain rocks near Busta Voe, which 
consist of gneiss associated with little or no hornblende, and ol‘ 
certain strata of gneiss to the east ol‘ Norbie, which arc distin¬ 
guished by the excess of quartz which they containwith these 
exceptions, the stiata may be considered as coming under tlic 
character which I have given of hornblendic gneiss. They are 
traversed m the same maimer by innumerable small insulated 
masses of granite; they are occasionally diversified by the pre¬ 
sence of parallel strata of limestone, particularly near Busta, 
and the direction and dij) of the strata is, fiom such alleged 
causes, gieatly confused. Howevci, a distinct line of bearing 
may not unfi eipiently be detected to the north-cast and since 
the strata of gneiss, as we trace them from the south, derive 
iheir course from the red quartz, such a dciivation being evi¬ 
dent throughout tlie whole bounding line of the (piartz, they 
are probably, in the channel of the ocean, intercepted by the 
4 'ontiguous mass of granite in the Island of Meikle llheu. But 
it IS needless to add, that such an alleged termination of the 
course of these strata, which their contiguity to the granite mass, 
conjoined with the line of direction in the strata renders very 
probable, can, in the absence of palpable cMdeiice, be only 
offered as mere conjecture. 

SiMp, TheSafukione^Porphpntk Clapstoiic^ Conglomerate and 
Arupgdahidal Rocks of Sanduess, aiid the Island of Papa Stour. 
—At Eastgio, west of the ejiast of Wfdls, may be first observ- 
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cd, as wt; trace it from the soutli, a mass of sandstone or granu¬ 
lar quart/, the eastern boundary of which may be traced from 
its junction witii the led quartz of the Hill of Walls, along the 
coast us iiu' as the House of Mclby and to the Holm of Sand- 
ness. The sandstone differs from tlie red quartz, by containing 
less fels])ar, by possessing a structure mfve granular and less 
hard, and by the general whiteness of colour. The direc¬ 
tion of' the strata is gtnerally ii^ut^N. 55“ E., the dip being 
to the east under an angle of freipiently, however, ^ 

niucli less inclination is observable Near Eastgio, the sand¬ 
stone is associated with sliata of clay-slate, almost hoiizoiital, 
and, near the House of Melby, with claystone porphyry of' a con¬ 
glomerate stiucture. 

As w(' ujipioacli the shores of Stour, tliP* sandstone 

ceasing to become the prevalent rock, we obserie the island to 
be chiefly conqiosed of felspar-porphyry. This rock admits of 
several %anctK'i. Ol thesi>, the first is found eluefly on the 
south-east of the ishiiid near Noith-house; it contains a great 
ext css of felsjiar, bul is slightly poiphyntic; the colour of the 
rock IS hi'K k-U'd. The second variety, octuniug on the noitli 
and iioith-easl, also occasionalJy on the south of the island, 
is denott'd by a greater (iiiaiilily of a'’gillaccoiis matter, 
wliicli being of a deej) ioddish-brown colour, and uneijiially 
comlaned with red and reddisli-wliite felspai, often gives tlie 
rock a vaiiegated apjiLaiaiice. The thud vanety differs little 
from the other, except m being less \ailegated, and in the 
greater number of its crystals ol felsjiar. It is to be found on 
the south-west and west of the island. 

The elajstone jiorjibviy, which is generally, m Papa Stour, 
an uMsfrali/ied lock, m.iv, in icfcrencc to the ^ar]etlcs which 14 
exhibits, be 1 ('solvable into seieral dislmcl masses, the bounding 
bides of wlucli not coming into mutual coiilact, their intervening 
spaces are siqiplied by .strata. In other instances, the strata 
oppcxir to merc'ly fill up those concavities of the porphyry 
which are of a suhordmate deptli. Rejecting, then, any mecha¬ 
nical notion which would leler the intervention of strata be¬ 
tween the rock>, or the filling up of mcqualities, to the circiiin- 
stance oi' one stratum m a senes regularly rcjio.sing ujion ano¬ 
ther, if rocks were the lesult c?l'a iiumbeT of successive clepo- 
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sits, I liave, on the contrary, been rather disposed to compare 
strata to certain crystalline laminae, which variously attach them¬ 
selves by their edges to the sides of nuclei. Adopting this 
view, we are then entitled to expect that strata attached to cer¬ 
tain sides of the clay stone-porphyry as to nuclei, will not al¬ 
ways preserve in thcifv connection one uniform horizontal or In- 
chned position : On the^contrary, agreeably to the appearances 
presented at l*apa Stour,^^jtrat >i of various dimensions and thick- 
I5CSS Avill often meet the lOcks, affording attachment to their 
edges, in every imaginable cireunivtance of variation and dis- 
ouler. 

I shall now commence my exainmalion of the strata of Papa 
Stour at the most southeily jiart of the Island, which is cast of 
Ilamna V'oe?, at the Point of Praga^ter. Here a large mass of 
c lavstoiic-porphvty is distinctly observed to come in contact 
Avith a siirlhee flamed by ibe supeiior t'dges or outgoings of 
strata of sand-^Uaie And since these strata contain no frag¬ 
ments of other locks, being, with the exception of llieir very 
red colour, similar to the roek of the same name at Saiulness, I 
Avas liiehm-d to suspect tliat many, or perhaps the whole, of 
the masses ol ( kiA stone-porphyry might be supciimposed on a 
surface of sandstone Put, lai the contrary, there is no evi¬ 
dence to shew, that the jiart in emitact Avith the sands time may 
not belong to the dec“]) Impendent side rather than to the under 
surface of the pia’jihvritie mass, coiisecpicnlly, the relations of 
the under surfaee of the iiiistratifled lock may be jicrfectly un¬ 
known: Or, again, tlait jrut of the poi jihyry in contact with 
tlic sandstone, may bi long to a small jiortion otily of the under 
surface of the supciimposed mass The rest of the under sur- 
fV'o may be in (ontafl aaiiIi roi ks of a \cry different descrip¬ 
tion. Thus, tlie Voe Skenies lying to the north-Avest of Papa 
Stour, anti the rix’ks of Norbic, situated to the south-east, are 
all composed of hoi’iihlendie gneiss; and when aac take into 
consideration the detachcxl fragments of hornblende, and slaty 
actynohte, abundantly found m the island, cither a part or the 
whole of the rocks of J’apa Stour may, for any thing that can 
Ixj proved to the contrary, rest upon a surface foiincd by the 
outgoings or ujiper edges of strata composed of fiornblendic 
gneiss. * 
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Pursuing our circuit round the island east of the Point of 
Bragaster, we find a sandstone, which is coloured by green- 
earth, occupying an interval between masses of claystone-por- 
phyry. The direction of the strata is about N. 15° W., dipping 
to the west at angles of about 20°. Again, to the east, as we 
approach the Kirksands, an amygdaloir^l rock first appears, 
having a basis, consisting for the nuist j^rt of argillaceous mat¬ 
ter combined with felspar, the cj^jntiys of which ai’e filled with 
calcareous-spar, heavy-spar, fliior-spw?, quartz crystals, clialco*. 
doily and green-earlh. This rock is alternated with thin beds 
of an indurateil samlstone, occasionally passing into jas]icr. 
Here there are imperfect marks of stratification. At the Kirk- 
eands we have a sandstone manifesting a direction and dip nearly 
similar to those of the last strata, of the same name*, descrilH'd. 
Again, to the east, ajipeais a conglomerated sandstone, alter¬ 
nated with an amygtlaloitlal rock, like the last noticed, the 
strata of wliich aio veitical. l^asl of the aniygdaloidal rock we 
again meet with claystonc-]>orphyry ; wliich mass is yirobahly 
the contiiiuation of a more northerly one, intercepting all the 
strata hitheito clesciibed. 

Crossing tlic porjihynlic ina^s, which is imperfectly stratified, 
the second interval, siqijilied by strata, extends from die south- 
coast in a nortiierly direction to IloiiseaVoe; it is linnlccl to the 
east and north by the scveiai porphyntic masses of Northliouso 
and Ollas Voc. Tlicse strata ai’c chiefly of sautlstoiic% which, 
south of Housea Voc^, becomes conglomerate, containing small 
angular and rounded portions ol‘ die same rock, vaned by the 
presence of grcen-cartli: their direction is from N. 45'' to GO" E., 
dipping to the west at angles of about 20°. North of Housea 
Yoc, and extending to the liead of Ollas Voe, :iro strata #f 
sandstone alternated with amygdaloid. Tlic olratlfieation, 
when distinct, is in a clireclion of about N. 20° W., whilst the 
dip is to the west at angles of about J 7 '. 

Continuing our circuit round the island, in order to observe 
tlie relations of the porphyry, Ave find, to the nortli-cast of Papa 
Stour, a conglomerate rock, variously consisting of portions of 
sandstone, claystone-yKirphyry, and green-earth. Strata of .this 
rock arc interposed in all position# from the vertical to the hori¬ 
zontal, between beds of clay stone-porphyry. Here we may in 
some places disengag^ from the poiphyry round, hollow concre- 
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tions, the tliiisy ciivities tiC wliuh aie lined with cjiiai i/.-crystals. 
North-east of the hank of Oilas Voe, llie c]aystoue-poi|>hyry is 
oirasionally prone to the coiiialoiiicrate structure, and ^\e find it 
alternated with thin beds of sandstone. 

West of Oilas Voe? the porphyry presents no remarkable ap¬ 
pearance ; but near t\e most northerly point of the headland 
between Oilas Voe and ‘Cailia Voc*, conglomerate rocks rest on 
the porpliyry. East of Voe, whilst clay stone-jiorphyry is 

tlie lowest i<H;k, conglomerate strata, into which the porphyry 
passes, are the next in point of supen imposition, and an aniyg_ 
ilalmdal rock is the highest in the series. Here the porphyry 
is imperfectly stratified. West of Culia Voe, the claystoiic-por- 
pliyry is urv^onihined with any other rock. 

North-west of the Island of Tapa Stoui, near the entrance in¬ 
to Cuba \oCj conglomerate strata rest, in nearly a horizontal po¬ 
sition, on claystone-por])hyry. liut a little to tlie ’westwaid, we 
find the porphyrji in a levcased relation, apjiearing to rest upon 
a conglomerated sandstone, and, to the south-Arest, u[)on a rock 
consisting of alternations of conglomeiate and amygdaloklal stra¬ 
ta. Here it is \eiy probable, that the apparent supeiimposition 
of the [lorph^ry merely involves the contact of one portion 
only of its bounding surface, which is wipcndcnt , for, as wc 
piiisue our course' to the soiilh-we^t, Ave find that a sandstone, 
Avhu'h IS connected Avith all the strata ajipareiitly sidijacent, now 
comes m contact AA ith anotlu-r [lortion ot the hounding suitacc ol 
the porphyiilic m.iss, aaIikIi is mcl’ttod (’onsc'iiuently, the 
same strata which in one ]ilace nppeai to he subjacent to the 
porphyry, are now the snpeiiinposed masses. Eiom all these 
anomalous circumstances, it seems very evident, that the terms 
Supernnposition and Subjaci'iuy, may lead to veiy erioneous nt>- 
tions in regard to the attachments of strata; since they in\mlve 
contradictor^y appearances, aaIucIi tan only he reconciled, on a 
sup})o.sition that the edges of strata may be \aiiously opposed 
to two difi’orent kinds of surfaces, desenbed as impcvdent or 
inclined^ and that these, at every step we take, may diversify 
the form of the individual rock affording attachment to strata. 

Quitting these conglomerate and araygdaloidal straiSl of tlie 
north-west of Papa* Stour, oun examination of the idand con¬ 
cludes with the unmterru])tod continuation of the ciaystone- 
porphyry to the aacsI and iOUth-AA’cst oi* the island, until we 
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rcath llio Toint ol‘IJrnoastcr, from whence our circuit first ct>m- 
mcnced. 

Jk'forc (juittinpf the discussion of these* rocks, a few words re¬ 
main to he said amiIi legard to the general rcla ions of sandstone 
or granular Cjiiartz. I have liitherlo cousiderod this rock as 
possessing the character of a nucleus, ."^ce we have exliihitcd 
its ajiparenl influence in detennining the? course and direction of 
other strata connected nith it. '^len sandstone or granular 
quartz assumes a conglomerated structure, its character appears 
to undeigo some change. This change consists in the course and 
extent of its strata heing detenmned by the jncseiicc c'f other 
rocks, such, as in the instance now given, by the claystone-jior- 
phyry of Pajia Stoui 

Tlir CllAXlTie DISTKTCT OF SIIEIFANJ), 

The granite of this dislnct is first traced from the north of 
^ the Isle of ^emlntlv; it occupies the gic.itesl portion of the 
Island of Meiklc Ilheii, and is inferred to be eontmnoiis tbroiigb 
the cliannel between ]\leikle Ivhcu and NorllnnaMiie, from 
the circnmslauce of foiimng the insulated locks iiamc'd the 
Drong’s; and, lastly, it extends (rom the south coast of Nuitb- 
inavine to the Island of Wya, situated to the iioitli of the pa¬ 
rish. The whole extent of the granite, supposing it to be coii- 
tiinious from Meikle llbeu, is miles in length, and from Ig to 
51 mile's in breadth , it uses to a height of 1470 feet, foimmg 
Ronas llill. 

To the east of tlie granite, in junction with it, is a mass of si- 
cnitic greenstone, which may be liaced fiom the Island c)f 
Meiklc Rheii to the south of Koiias Voc. It is 12 miles in 
length, and about S in breadth. 

Those two masses of giunite and sienilic greenstone, mutual¬ 
ly penetrate each other by extc'iisivc processes, one of which I 
traced a distance of five miles ; at the same time, insulated masses 
of granite occur in the sienitie grcciisionc, and rice versa. 

Strata and lioclcs connected rclth the Granite and Sienitie Green¬ 
stone of Ncyrthmavinc ., 

The •ime of junction between the granite and sienitie gi'bcn- 
stone is not, Iiowx'ver, compile.* A spaec, in one instance, is 

• For several inUic'tin^ details on the locks of Papa Stour, 5ec Dr FleitiliigS 
Account in Utc Hist \oluiiicVf tlic Weincnan TiansactJons. 
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evident whore a partial separation has occurred Tins space is 
occiijiicd by strata, and is bounded on tlie N. and ^V. liy the gra¬ 
nite, and on the south the jirescnce of the granite is indicated 
by the insulated rock ol‘ the Drongs : it it. boundeti on tlie cast 
by the sienitic grecn;>toiic. Thus, certain strata, forming an 
area of a mile and a h\jlt m length, and three ijuaitcis of a mile 
in breadth, appear to be^inclosed on all sides by luo unstratilicd 
rocks. These strata, ce^Mi^rhng Ilills'R'ich Ness, exhibit a va- 
ilety of directions, the mWst prevalent being neaily from west 
by south to east by north. The dip and angle are too confused 
to be stated Mith any degree of accuracy. 'J’his curious assem¬ 
blage ol‘ rocks, m crossing them Irom north to south, aie found 
to be arrnngetl in tin* following older, viz (juartz, bornblcndic 
gneiss, mica-slate, chloiite, and liornblendic gneiss. They are, 
at the same time, traversed by veins of liTpar-})or['hyry and by 
greensione. Here also is found steatite, lalt, chlorite contain¬ 
ing magnetic iioiistoiit*, cyanite, and actynolite. 

Twa) series of strata arc arranged to the e.ist of the sienitic 
greenstone. 'I'o determine the situation and circumstances of 
the lirst senes, it is necessary to refer to a space m tlie annexed 
geological map, boimdod on the east by a mass of siemte, to be 
traced from Ilagrascttcr Voc to Ghis Island, and on tlie west by 
the slc'iiltic greenstone, the limits ol‘ which have been stated. This 
is occupied by strata lunniiig in a direction of N. by W. Irom 
one mass of sienilc to the other, and meeting each by their late¬ 
ral edges at various angles, with an iiiclmatioii to the cast. 
These rocks, winch are imicli concealed by the covered stale of 
the ground, appear to consist of liornblendic gneiss and chlo¬ 
rite, with an enclosed mass of limestone. 

• More northcily, a 2d series, continuous with the first, takes 
a course of N. 20* E. These strata form the Falling Hill and 
Ollabcrry Hill; and as w^e cross them from west to cast, appeal' 
to consist of hornblcndic gneiss, with an intci sccting mass of ser¬ 
pentine, mica-slate, chlorite, and quartz. Of these rocks, the 
more westerly, consisting of hornblcndic gneiss with the serpen¬ 
tine, of quartz and mica-slate, arc intercepted by tlie granite 
whlfch occurs to the north of Colafirth Voc. The re t of the 
strata arc continued norther^,^ the tjuartz being finally lost by 
tjie jnroads of the sea at Calsta Ness; whilst the chlonte-slutc 
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may be traced as far nortli as North llheu and North and 
South Holm, where it is associated with small masses of lime¬ 
stone. New strata, however, arise to the west of the chlorite- 
slate, consisting of mica-slate and gneiss, the southerly lateral 
edges of which meet the northerly bounding line of the granite 
at various angles. The strata of mi^slate are intercepted 
on the north by a mass of diallage-rock, occurring in the pe¬ 
ninsula of Fctlialand. y m. 

To the north of Fethaland, in ‘the insulated rocks named 
Grunie and the Raninay Stacks, is found a conglomerate rock, 
consisting of granite, felspar and quartz, the relations of which 
are not evident. 

To the south-west of the granite is a considerable mass of 
claystone-porphyry, with a conglomerate and amygdaloidal rock 
of the same nature. The cavities of the latter are filled with 
carbonate of lime, quartz-crystals and calcedony. This mass 
occupies a district, bounded on the south by a line drawn from 
Braewick to Eshancss ; on the west, from Eshaness to the en¬ 
trance into Ronas Voe ; and on the east, by the large mass of 
granite already described. 

THE SERPEXTINE DISTRICT OF SHETLAND. 

The Gneiss of the Islands of Ydl Sound, the large Island of 

Yell, West of Unst, <^c. 

Returning to the sicnite of Yell Sound, we trace these strata 
from their junction with it, by their lateral edges, at the several 
islands of Yell Sound, named Brother Island, Little Rhooe and 
Sampbray. Near the junction of the gneiss with the sienite, 
the strata arc much traversed by veins of hornblende. The 
whole of the Island of Yell is composed of gneiss, as w'cll as 
the islands to the west. The strata ai’e everywhere inter¬ 
sected by small veins of granite, which, to the north-west of 
Yell, arc almost as abundant as the strata which they traverse. 
The direction of the strata, disturbed much by these veins, may 
be stated at alxmt N. 12° E. The dip is to the west, at 
angles of about 45°. 

The northerly connexions of the strata arc*, for the most purt, 
cut off* fiy the sea. Some strata, however, may be identiffed in 
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those of Hascosea, the small island of Linga, and in those of 
the west of Unst, where they are intercepted by a mass of ser- 
})entine, remaining to be described. 

The Serpentine and Dmllage of Fetlar, and the strata connect¬ 
ed mth them. 

\* 

In the Island of Fc Jar is a central mass of serpentine, which 
forms the Vord Hill. V‘. is^ characteijsed by the quantity of 
vhromatc of iron which is^ disseminated throughout, in grains 
not larger than those of gunpowder, by the ferruginous appear¬ 
ance which it exhibits on <lecomposition, and by its noxious 
effect on vegetation. This mass presents two outlines, diver¬ 
ging from a point in a northerly direction, but inclining a little 
to the northi-west; it is six miles long, and from one to two broad. 

To the east of the serpentine, in Grutings Voe, are strata of 
mica-slate, clay-slate and chlorite-slate, associated with several 
small insulated masses of serpentine. The.sc strata, in their 
junction with the large mass of serpentine, are opposed to it at 
various angles. To the cast of these, along the whole of the 
cast coast of Fetlar, are rocks of conglomerated mica-slate and 
chlorite-slate, containing portions of quartz, occasionally angu¬ 
lar, but for the most part exhibiting an abraded appearance; 
whilst, at the same time, they are often observed to impercepti¬ 
bly pass into the substance of the containing mass *. 

To the west of the central mass of serpentine in Fetlar, are 
numerous insulated masses of serpentine and diallage alternated 
with chlorite-slate, glossy alum-slate, and mica-slate. Still more 
westerly is a cuneiform mass of diallage, and a similarly formed, 
though tliinncr, mass of serpentine. The seq^entinc at Odsta 
c^>nsiderably disturbs the compass. Strata of gneiss, intersect¬ 
ed by small veins of granite, complete the structure of the Is¬ 
land of Fetlar; these bound the western coast, and, in a direc¬ 
tion of N. by E. and an inclination to the west, meet the serpen¬ 
tine at various and considerable angles. 

At Lamhoga in Fetlar, in consequence of the decompoa- 
tion of a peculiar white bed of gneiss?, containing much felspar, 

• Thef?e strata, which several years ago excited the attention of Prot?ssor Jame¬ 
son, appear to have matsiially assisted |ns views of the nature of conglomerate 
rocks in general 
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a b«l of porcelain earth is produced. This occurs on the, estate 
of Arthur Nicholson, Estp and may prol)ably be an object of 
commercial notice. 

Distribution of the Serpentine^ Diallage and Strata of Unst. 

In the adjoining island of Unst, to tlie north of Fetlar, is 
another ccntial mass of serpentine, in al/iost cveiy respect like 
that of the central mass of Fetlar. This rock may be traced 
from the west of Gallowhill, near Ef’l^hont, bending in a north- 
ca.stcrly direction to the line of coast between Nonvick Hay anJ 
the north of Halta Island. It is about ten miles in length, 
while its breadth gradually increases from one to three miles. 

This mass of serpentine is paiticularly distinguished by the 
very abundant occurrence in it of the ihroniate of iron, chiefly 
observable in the neighbonihood of Balta Sound. I v>as flrst 
led to a search after this ore, by obscTvlng innunicrable frag¬ 
ments of it strewed about the hill, and even employed for the 
purjxise of fortifying the fentes of the country. It is obsei ved, 
first, in the form of imbedded masses, as at Buncss, close to the 
house of the proprietor, Thomas Fdmonstone, Esq. The ex¬ 
tent of the greatest mass is not, however, apparent, as it is on 
one side concealed by the sea, and on the other by the deep 
soil of a meadow. It was traced 3 feet in breadth, and 15 feet in 
length. At Ilagdale, near Haroldswick, the chromate of iron oc- 
cur^ in the form of numerous thin ramifying veins, 2 to 3 inches 
in breadth, but sometimes increasing to the breadth of 5 or 
6 inches. Many masses arc elsewhere observable, extending a 
few feet, and then losing themselves in a general dissemination 
throughout the whole mass. The chromate of iron is also in 
some lulls diffused generally in granular particles, of the colour 
and size of gunpowder. Asbestus, amianthus and talc occur in 
many places, particularly at Swinaness, near Balta Island. 

To the east of the central mass is the Diallage rock, of which 
the Vord Hill of Unst is formed, and which may be traced in 
a direction of N. E. by N. to Balta Island. It is seven miles in 
length, and two miles in breadth. In the diallage of Balta 
Island may be found beautiful specimens of.asb{;stus. I’d the 
cast of the diallage, from Wya Sound to Mouncss, and in the 
Island of Wya, are strata of ch|oritc-slate associated with small 
insulated masses of diallage and serpentine; scrjx:ntine also 
occurs at the Island of Half Grunic off Mouncss, 
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THq rocks to tlic west and north of the central mass of ser- 
jKsntine have a very complicated distribution. A small mass of 
porphyritic gneiss (if it can be so called, for it shews very little 
of the stratified structure,) may be, in the first place, obscivcd at 
Lambaness, and at the insulated rock named The Scaw. 2dly, 
May be remarked a cffneiform mass of quartz, containing some 
felspar, and occupying a site between Burravoc and the Ltxih of 
Cliff. 3tUy, May be rel^arked a bed of* limestone to the cast of 
the Loch of Cliff. n* 

Now, the space intermediate to the central mass of serpentine, 
the porphynlic gneiss, the limestone and the quartz, is occupied 
by the Hill of Saxivord, consisting of striated strata of mica- 
slate, which are connetted with all the bounding rocks that I 
have mentioned, and which meet each of them at various angles. 

With regard to the islands in the channel mlermedi.ite to the 
Islands of Unst and Tctlar, they consist of serpentine, diailage, 
and chlorite-slate, shewing tliat Unst and Fetlar may be con¬ 
sidered as part of one formation. 

I have at length concluded mv account of the distribution of 
the rocks in Shetland, which, although a mere abstract, has 
extended itself to a length that I had not anticipated. In a 
country offering so many objects of notice to the geologist, I 
have, through the medium of this Journal, piesentcd those phe¬ 
nomena only which might tend to throw some light on the nature 
of stratification; yet the form, distribution, and comparative 
heights of the hills, together with the changes which the rocks 
arc in the process of undergoing from various existing causes, 
arc distinct subjects of equal interest, to which I have not had 
space to atlvert. 

The general conclusion from a disposition of rocks like that 
which I have described, is readily suggested. If the resem¬ 
blance to nuclei which I have endeavoured to trace in the rela¬ 
tions of certain mountain masses be admitted, then will the gra¬ 
dual manner in which the rocks at their junction pass into each 
other, assign ^ tlie whole of the hills of Shetland a cotempora- 
ni^us formation. But this opinion I offer with c(\ji.suleral)le 
diffidence, since th^ analogicl^ upon which it is founded, do not 
by any means communicate to it the force of a complete induc¬ 
tion. A number of facts arc still required to decide questions 
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tliat refer to the date of the formation of rocks; but these, ought 
to be accumulated with an accuracy, that may seem unnecessary 
to the geologist, who fancies himself secure in the theory which 
he has built, and that this theory is as immoveable as the rocks 
to which it refers. In conducting, therefore, investigations ne¬ 
cessary to give to geology the name of a fefcience, the maxim of a 
philo.sopher of the last century, ought 9 ver to form the leading 
principle: “ Turn oportet incipere simplicissimis, cognitu 
facillimis, atque certissimis; a quibi}^^ dcindc pergendura ad ea 
semper, qiuc proximo gradu hai’um conditionum prmgressa at- 
tingunt, atque ita accurate progrediendum, ad composita, ob- 
scura, diflicilia.” 


j\aT. V .— Jccount of the Electrical Eels, a7id of the Me¬ 
thod of catching them in South Amerka bij meayis of Wild 
Horses. Abridged from Humboldt’s Personal Narrative. 

Real Gymnoti or Electrical Eels, inhabit the Rio Colorado, 
the Guarapichc, and several little streams, that cross the missions 
of the Chayma Indians. They abound also in the large rivers 
of America, the Oroonoko, the Amazon, and the Meta; but the 
strength of the current, and the depth of the water, prevent 
their being caught by the Indians. They see these fish less 
frccpiently than they feel electrical shocks from them when swim¬ 
ming or bathing in the river. In the Llatios, particularly in 
the entnrons of Calabozo, between the farms of Morichal, and 
the missions dc arriha and de abaxo, the ba.sins of stagnmit wa¬ 
ter, and die confluents of the Oroonoko, (the Rio Guarico and 
the Canos of Rastro, Berito and Paloma), arc filled with elec-' 
trical eels. We at first wished to make our experiments in the 
house we inhabited at Calabozo; but the dread of the electri¬ 
cal shocks of the gymnoti is so exaggerated among the vulgar, 
that during three days we could not obtain one, tliough they 
are easily caught, and though we had promised the Indians two 
piastres for every strong and vigorous fish. , e 

Irnpatiwit of waiting, and having obtained very uncertain rts- 
sults from an electrical cel that hfwl been brought to us alive, but 
much enfeebled, we repaired to the Cano de Bera, to make our 
experiments in the opener,on the borders of the water itseE We 
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set off on the 19th of March for the village Rastro de abaxo ; 
thence we were conducted to a stream, Avhich, in the time of 
drouglit, forms a basin of muddy Avater, surrounded by fine trees. 
To catch the gymnoti with nets is very difficult, on account of the 
extreme agility of the fish, which bury themselves in the mud 
like serpents. We Avoiild ntit employ the barbasco, that is to 
say, the roots of the Pise,idea erithryna and Jacquinia armillaris, 
which, when throAvn inl^the pool, intoxicate or benumb these 
Animals. l''hcsc means w*#uld have enfeebled the gymnoti; the 
Indians therefore told us, that they would “ fish with horses.” 
We found it dilficult to form an idea of this extraordinary man¬ 
ner of fishing; but we sixm saw our guides return from the sa¬ 
vannah, whiclt they had been scouring for Avild horses and 
mules. They brought about thirty with them, Avhich they 
forced to enter the pool. 

The extraoi dinary noise caused by the horses’ hoofs makes 
the fish issue from the mud, and excites them to combat. These 
yelloAvish ami livid eels, resembling large aipiatic serpents, swim 
on the surface of the water, and croAvd under the bellies of the 
horses and mules. A contest betAveen animals of so different 
an organization furnishes a very striking spectacle. The In¬ 
dians, provided with harpoons and long slender reeds, surround 
the pool closely; and some climb upon the trcc.s, the branches 
of Avhich extend horizontally over the surface of tlic water. By 
their Avild cries, and the length of their reeds, they prevent the 
horses from running away, and reaching the bank of the pouL 
The eels, stunned by the noise, defend themselves by the re¬ 
peated discharge of their electric batteries. During a long time 
they sc'cm to prove victorious. Several horses sink beneath tlie 
•violence of the invisible strokes, wliich they receive from all 
sides in organs the most essential to lile; and stunned by the 
force and frequency of the shocks, disjippear under the water. 
Others, panting, with mane erect, and haggard eyes, expressr 
ing anguish, raise themselves, and endeavour to flee from the 
storm by which they are overtaken. They are driven back by 
the Indians ir^ /he middle of the water; but a small number 
succeed in eluding the active vigilance of the fisherracy. These 
regain the shore, ^stumbling at every step, and stretch them 
selves on the sand, exhausted with fatigue, and their limbs be¬ 
numbed by the electric shocks of the gymnoti. 
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Ill less than five minutes two horses were drowned. The 
eel, hoin^ five feet long-, and pressing itself against the belly of 
the horses, makes a discharge along the whole extent of its elec¬ 
tric organ. It attacks at once the heart, the intestines, and the 
plexus caiiacus of the abdominal ncives. It is natural, that the 
effect felt by the horses should be more jJowerful than that pro¬ 
duced upon man by the touch of the s^nc fish at only one of 
his extremities. The horses are*j)p)j,?.'il)ly not killed, but only 
stunned. They arc drowned from 'the impossibility of rising' 
amid the prolonged struggle between the other horses and the 
eels. 

We had little doubt, that the fishing would terminate by 
killing successively all the animals engaged; but by^ degrees 
the impetuosity of this unetjual combat dimimsliect, and the 
wearied gymnoti dispersed. They rei[Liirc a long rest *, and 
abundant nouiishment, to U'pair what they have lost of galva¬ 
nic force. The mules and hor.'^es a^ipear less fiighteued ; their 
manes arc no longer biistled, and their eyes express less dread. 
The gymnoti approach timidly the edge of the marsh, whiTc 
they arc taken by means of small harpoons fastened to long- 
cords. When the coids arc very di y, the Indians feel no shock 
in raising the fish into the air. In a few minutes we obtained 
five large cels, the greater part of which were but slightly wound¬ 
ed. Some were taken by the same means toward the evening. 

The tempei'ature of the waters in which the gymnoti habitu¬ 
ally live, is about BG'" of Fahrenheit, Their electric force, 
it i.s said, diminishes m colder waters. The gymnotus is the 
largest of electrical fishes. I measured some that were from five 
feet to five feet three inches long; and the Indians assert, that 
they have seen them still longer. We found, that a fish of three* 
feet ten inches long weighed twelve pounds. The transverse dia¬ 
meter of the body w'as three inches five lines. The gymnoti of 
Cano de Bcra are of a fine olive-green t(Jour. The under part 
of the head is yellow^, mingled with red. Two rows of small 
yellow sjiots are placed symmetrically along the back, from the 
head to the end of the tail. Every spot eonta'*/ an excretory 

aperture. «> In consccpicncc, the skin of the animal is constantly 

% 

“ ’ “ - - - - - ^ - - . . . 

t 

The Indians assured us., that when the horsej are made to run two dayi» 
3UC(x;a>ivcljr mto the saijic i>ool, none are killed the second day. 
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covered witli a mucous matter, wliicli, as Volta has proved, com. 
ducts electricity twenty or thirty times better than pure water. 
It is in general somewhat remarkable, that no electrical lish, yet 
disco\ ered * in the different parts of the world, is covered with 
scales. 

It would lie temerity to exjxiso ourselves to the first shocks 
of a very large and strongly irritated gymnotus. If by chance 
you receive a stroke befXve the fish is w6untled, or w'eaned by a 
long pursuit, the jiaui and ^lumbness are so violent, that it is im¬ 
possible to describe the nature of the feeling they excite. I do not 
1 cmcinlier luiv mg ever received from the discharge of a large Ley¬ 
den jar, ainoredicadful shock than that which I experienced by 
iinpriidentiy placing both my feet on a gymnotus just taken out 
of the water. 1 was affected the rest of the day with a violent 
})ain in tlio knees, and in almost every joint. To be aware of 
tlie thflerence, winch is sufficiently striking, that exists between 
the scnsilion produced by the pile of Volta and anelectrical fish, 
tile latter should be touched when they are in a state of extreme 
weakness. The gyimioti and the torjicdoes then cause a twit- 
elnng, viliich is projiagated from tbc part that rests on the 
elect I’ic organs as fai as tlie elbow. We seem to feel at every 
stroke an internal viliratioii, that lasts two or three seconds, and 
is followed by a jiainful numbness. 

Gymnoti arc neitlu'r charged conductors, nor batteries, nor 
cleclioinotive apiiavatiises, the shock of which is received every 
time they are louclied with one hand, or when both hands are 
a])])]ied to form a conducting circle between two lielerogeiieous 
jKjles. The electi 10 action of the fish depends entiicly on its 
will; whether because it does not keep its clcctiie organs al- 
Vays charged, or by the secretion of some fluid, or by any 
other means alike my.sleiious to us, it be capable of directing the 
action of its organs to an external object. We often both tried, 
both insulated and uninsulated, to touch the fish, without feel¬ 
ing the least shtK-k. When Mr Bonjiland held it by the head, 
or by tlie middle of the body, while I behl it by the tail, and, 
standing on tltgj^oist ground, did not take catli other’s hand, 

--- , - 

• We yet know wilh^ceitainty oiliy seven eJcctiical fashes. Torpedo lurkc, Rib« 
80, t. unmiacnlat.i, t. nwrniordta, t. g.ilvann, SUmus clectntus, Tctiaodon eketneus, 
Gymnotufl elcctricus. 
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ome of us received shocks, which the o^^hcr did not feel. It de¬ 
pends upon the gymnotus to act to' ard the point where it fintls 
itself the most strongly irritated. The discharge is then made 
at one point only, and not at the neighbouring points. If two 
persons touch the belly of the fish with their fingers, at an inch 
distance, and press it simultaneously, sometimes one, sometimes 
the other, will receive the shock. In,the same manner, when 
one insulated person li'olds the‘tad, llnd another pinches the 
gills, or pectoral fin, it is often the firVf only by whom the shock* 
is received. It did not appear to us, that these differences 
could be attributed to the dryness or dampness of our hands, 
or to their unequal conducting power. The gymnotus seemetl 
to direct its strokes sometimes from tlic whole surface of its 

c 

body, sometimes from one point only. 

Nothing proves more strongly the faculty whieli the gvmno- 
tus possesses, of darting and directing its stroke according to 
its will, than the observations made at Philadi'lphia, and re¬ 
cently at Stockholm, on gymnoti rendered extremely lame. 
When they had been made to fast a long time, they killed from 
afar small fishes put into the tub. They acted at a distance ; 
that is to say, their electrical hlrokc passed through a very thick 
stratum of water. AVe need not lie surprised, that what was ob¬ 
served in Sweden, on a single gymnotus only, we could not see 
on a great number of individuals m their native country. The 
electric action of animals being a vital action, and sidijcct to 
their will, it docs not depend solely on their state of health and 
vigour. A gymnotus, that has made tlie voyage from Surinam 
to Philadelphia and Stockholm, accuotoras itself to the impri¬ 
sonment to which it Is reduced; it resumes by degrees the same 
habits in the tub which it had in the rivers and pools. An elec¬ 
trical eel was brought to me at Calabozo, taken in a net, and 
consequently having no M'ound. It ate meat, and terribly 
frightened the little tortoises and frogs, which, not knowing the 
danger, placed themselves with confidcnco on its back. The 
frogs did not receive the stroke till the infiment when they 
touched the body of llio gymnotus. Wher^ i/i^'y recovered, 
they leaped out of the tub; and when replaced near the fikh, 
they were frightened at its sight only. Wa then observed no- 
tiling that indicated an action at a distance ; but our gymno- 
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tus, recently taken, was not yet sufficiently tamed to attack and 
devour frogs. On approaching the finger, or metallic points, 
within the distance of half a line from the electric organs, no 
shock was felt. Perhaps the animal did not perceive the neigh¬ 
bourhood of this foreign body; or, if it did, we must suppose 
that the timidity it feit in the commencement of its captivity, 
prevented it from darting forth its energetic strokes, except 
when strongly irritated t*y an immediate'contact. The gymno- 
lus being immersed in w-iter, I approached my hand, both 
armed and unarmed with a metal, within the distance of a few 
lines from the electric oigans ; yet the strata of water transmit¬ 
ted no sh(x;k, while Mr Bonpland irritated the animal strongly 
by an immediate contact, and received some very violent shocks. 
If I had j)l‘ungcd the most delic.n.te electroscopes we know, pre¬ 
pared frogs, into contiguous strata of water, they would no 
doubt have felt contractions at the moment when tlie gymnotua 
seemed to direct its sli oke elsewhere. 

'i''hc electiical organ of the gymnoti acts only under the im¬ 
mediate influence of the biain and the heai’t. On cutting a very 
vigorous fish tlirough the middle of the body, the fore part a- 
lone gave me shocks. The shocks are equally strong, in what¬ 
ever part of the body the fisli is touched ; it is most di.sposed, 
however, to dart them forth when the pectoral fin, llie electri¬ 
cal organ, the hpvS, the eyes, or the gills axe pinched. Some¬ 
times the animal sti'uggles violently with a {lerson holding it by 
the tail, without communicating the least shock. Nor did I feel 
any when I made a slight incision near the pectoral fin of the 
fish, and galvanized the wound by the simple contact of two 
pieces of zinc and silver. Tlic gyinnotus bent itself convulsive¬ 
ly, and raised its head out of the water, as if terrified by a 
sensation altogether new; but I felt no vibration in the liands 
which held the two metals. The most violent muscular move¬ 
ments are not always accompanied by electric discharges. 

The action of the fish on the organs of man is transmitted 
and intercepted by the same bodies that transmit and intercept 
the electrical ci,ir^ent of a conductor cliarged by a Leyden vial, 
or.¥olta’s pile. 

In wounded gyj.nnoti, which give feeble but very equal 
shocks, these shocks appeared to us constantly stronger on 
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touching the body of the fisli v, ith a hand armed with metal, 
than witli tlie naked hand. They are stronger also, when, in¬ 
stead of touching the fish with one hand, naked, or armed with 
metal, we press it at once with both hands, cither naked or 
aimed. These differences, I repeat, become sensible only when 
you have gymnoti enough at your disposal, to be able to choose 
the weakest; and the extreme equality of the electric dischar¬ 
ges admits of distinguishing between 4,he sensations felt altcr.^ 
nately by the hand naked or armed with a metal, by one oi 
both hands naked, and by one or both hands armed with metal. 
It IS also in the case only of small .shocks, weak and uniform, 
that the shoi ks aie more .sensible on touclnng the gymnotus 
with one hand (without forming a chain) witli zinc, than with 
copjicr oi iron. 

llesiiious suhstanccs, glass, \cry dry wood, liorn, and even 
liones, which are generally believed to be good conductors, pre¬ 
vent the action ol the gvninoti from being transmitted to man. 
I was surpused at not feeling the least shock on pressing wet sticks 
of .sealing-wax against the organs of the fish ; while the same ani¬ 
mal gave me the most violent strokes, wlien excited by means 
of a inetulhc lod. ]\fr iJonjdund leecived shocks when carry¬ 
ing tt gymnotus on two cords of the fibres ol‘ the palm-tree, 
which ajipcared to us extremely dry, A strong discharge makes 
its way througli very imperfect conductors. I’crhaps also the 
obstacle which the condiicling arc presents, renders the dis¬ 
charge more jiainfid. I touched the gymnotus with a wet jxit 
of brown clay wiLhout ell'ect; yet I received violent shoc-ks when 
I earned the gymnotus m llie same {)ot, because the contact 
was greater. 

When two persons, insulated or not insulated, hold each 
other’s hands, and one of these persons only touches the fish 
with the hand, either naked or armed with meUd, the shock is 
most conmioiily felt liy both at once. It happens, however, al¬ 
so, that, in the most jiainful shocks, the person who comes into 
immediate contact witli tlie fisli alone feels the .shock. When 
the gymnotus is exhausted, or in a very wca|\st,atc of cxcitabi- 
lity, anfj will no longer omit strokes on being irritated with e*nc 
hand; the shocks are felt, in a vV*ry vivid ;nanner, on forming 

the chain, and employing both hands. Even then, how'ever, 

3 
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the electric slux*k takes place only at the will of the ainnial. 
Two persons, one of ^^hom liolds the tail, and the other the 
head, cannot, by joining Imnds and forming a chain, force the 
gymnotus to dart his stroke. 

In employing very delicate electrometers in a thousand vays, 
insulating them on'a.plate of glass, and receiving very strong 
shocks, which passed tlirough tlie electrometer, 1 could never 
discover any plienomecon of g.ttracLion/jr repulsion. The same 
observation was made by 'Mr Fahlbeig at Stockholm. This 
pliilosophcr, however, has seen an electric .sjiai k, as Walsh and 
Ingeiihousz had done before him at London, by placing the 
gymnotus in the air, and interrupting the conducting chain by 
two gold leaves pasted upon glass, and a line distant I'rom each 
other. No person, on the contrary, has ever perceii ed a .spark 
issue fiom the body of the llsh ilsclf. AVc have irritated it for 
a long time during the lughl, at Calabozo, in jicifcct darknes.s, 
witlumt ob.serving any luminous appearance. 


Aiir. VI.— Observations on Mr Menges Account of his Minera~ 
logical Join iiei) in Iceland. In a Letter i’rom Sir G. S. Mac. 
KENZiK, Bait. 1\ R. S. L. and Ih'esulent of the Physical Class 
of the Royal Society of Edinburgh, &:c. to Frofcs.sor Jameson. 

Dear Sir, 

N otwithstandinc: the numerous investigations that have 
been carried on in volcanic districts by eminent observers, I am 
disposed to think, that many distinctions are yet to be made 
among volcanic productions, aiul m the manner of tbcir formation, 
liefore vve arrive at a clear ilc\ elopement of volcanic agency. 

must understand perfectly what is meant by the word lava^ 
the too profuse employment of which lias unquestionably left us 
much in the dark. Mr Mengc mentions in his letter to you, 
that in one of the Westmanna Islands and Kyafialia-Jokull (nei¬ 
ther of which I visited), lie oliscrvcd three diHeiont streams of 
lava, separated fj-om each other by layers of trass. Now% it is 
well known„ri>->,every stream of lava XhaX flows in the open air, 
oSsumes an apjK'arance so rugged, that nothing is scca at all re¬ 
sembling what wc foninionly ujiderstand by a ieJ, which is a mass 
bounded by planes that are parallel, or very nearly so. ITenec, 
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I believe, that all those blreanis of lava, as they have been called, 
which appear in the Ibnn of beds, must have been formed un- 
<ler peculiar c'lrcuuistances, winch were calculated to prevent tlic 
rugged apjiearancc which the surface lava commonly assumes, 
and to induce that of regular beds. It might be supposed, 
that the rugged surface of lava has been caused by its descending 
along an inchned plane. Eutmiich of that which Menge says he 
could not behold withoal horror,; has proceeded over a level 
country ; and I saw many other lavas pf the same aspect, in si¬ 
milar circumstances. To explain the diiTcrent appearances, I 
suggested the idea (»f sulnnaime lavas; and I am still inclined 
to adhere to it, an<1 to that of subterraneous lavas also, as best 
caliailaletl to explmii the various ajipcaraiices of trap-rocks, and 
their relation to la\a. 

1 still doubt, that any lava that has flowed in the open air, has 
assumed tlie columnar form. All that I saw teiidnig to that form, 
in the Guldbnngc Syssel, certainly had not flowed on the sur¬ 
face in the open air. I have, indeed, seen partial, but feeble, 
tendencies in detached masses to tins form, but nothing at all re¬ 
sembling the regular ajipeaiance of columnar beds, such as are 
to be seen at Stap^jcn, and in other parts of the Sniclell Syssel, 
as well as in other parts of Iceland. 

It IS highly saurfacLory to me to have Jieard Menge give the 
same opinion that I had Ibi-med, witli resjject to certain rocks 
appearing to liave been melted in situ, and this without his hav¬ 
ing seen my Observations on the Mineralogy of Iceland. Wliat 
he calls a Felspar-lava, is not Greenstone, as you suppose, by 
placing that name in a paienthesis. It might, however, have 
betni a greenstone previously to the action of heat upon it. 

I confess that I am not able fully to comprehend what, 
Ml ‘iigc intended to convey by aqueous vokanoes; and connect¬ 
ing, as he does m lun letter to you, pseudo-volcanic rocks with 
water, is contrary to the idea we have of jiscudo-volcanoes. I 
sus])cct that when he .speaks of having found m his journey 
northward, a perpetual alkrnation of true volcanic and pscudo- 
volcanic rocks he means a succession as lie advikiced, not that the 
one was superimposed on the other. When I first saw the ironsl\pt 
tra}J-tuff, I also took it for sandstone, as many others have on 
looking at the specimens I brought to this country from Ice¬ 
land and Faroe I suppose yon do not consider the application 
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of the word Neptunian, proper in describing debris brought 
down by glaciers. Neptunian, I have always understood to be 
confined to formations from solution, in contradistinction to 
Plutonian. When Menge says, “ All the members of the 
trap series are arranged (at Skagafiord) above each other in 
horizontal beds,” andsome may be inclined to view these 
beds as streams of lava, formed at different jxiriodshe seems 
inclined to be of the opnion i have olTered in my account of 
Iceland. He appears to ewnsider only one mode of formation 
possible for lava, and not to take into account the effects of 
compression, or those of submarine or subterraneous flow¬ 
ing. In conversation Menge informed me, that he was per¬ 
petually puzzled what to think of Iceland; that he wa.s 
one day tempted to consider the whole as of igneous forma¬ 
tion, as I do; and on another, that it was partly of aqueous 
formation. He is to return to this singular country; and it is 
very probable that he will at last determine, that it will be bet¬ 
ter to ascribe the wJiole formation to one cause, Heat, acting under 
a variety of circumstances, and occasionally combined with wa¬ 
ter, than to insist on the exclusive operation of water in one spot, 
and of beat in another, thus rendering Iceland a vast collection 
of anomalies m geology. I will never cease pressing you to visit 
Iceland, because I am convinced that no geologist can form 
adequate conceptions of the agency of heat, without having 
seen this, or some country similar to it. 

There is no doubt whatever, that some of the products of the 
hot-springs arc in appearance glassy ; and I should not wonder 
if Obsidian, properly so called *, were proved to have had its 
origin in water extremely hot. 

I do mit know what is meant by volcanic water. There is a 
spot in the Guldbringe Syssel, in the midst of what Menge 
aptly names the Congealed Pandemonium, where a great quan¬ 
tity of water rises, and forming a considerable stream, flows a 
mile or two, and is then lost among the lava, which he did not 
see. But whether this be what Menge calls volcanic water, I 


^ You are aware, that I pointed out a marked distinction between two sul>- 
stances hitherto indiscriminately called Obsidian, and one of which I propose to 
name Pumice-glass, from pumice being ft Tned by melting it, and that sulistance 
being alwajs found connected tilth it. They arc easily distinguished Iiy the eye. 
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do not know ; it has no peculiar properties to dlstingui&h it 
from the water of an ordinary river. 

I am totally at a loss with respect to his notion of tlie hot-springs 
producing lava, basalt, and trap-porphyry. Is it ptjssible that 
masses of tliese, in a state of decomposition, could be mistaken for 
tlie act of theii* formation ? Be this as it niay, I have always been 
an advocate for the agency of water strongly heated ; and I be¬ 
lieve I am the only Huitoniau who has*ever pretended, that the 
fundamental principle of our theory, Heat acting under com-» 
pression, rendered water a most powerful chemical agent. Most 
of the operations ascribed to your cold Neptunian element, I must 
always consider as imaginary ; but those of IMutonic water may 
have done much, and will yet do more,—as the two elements com¬ 
bined may probably relieve us of much disputation, and at length 
unite two theories, Avhich are clearly both right and both wrong, 
since tlie one sometimes explains what the other docs not. “ In 
Iceland,” says Menge, “we find Volcanic and Neptunian forma¬ 
tions conjoined; the connecting liilk betw ecn the two (tran.si- 
tion ?) being the Volcanic-Neptuniaii formation, which appears 
to be produced by hot-springs ” 1 feel somewlmt affronted that 
old Pluto lias not been invited to join the party ;—you will find 
him below, you may depend upon it. I really did not expect 
to be believed in the acrount I gave of the rocks of* Iceland, at 
the time I piiblishwl it, and I have waited impatiently for the 
result of a visit by a Wernerian. I could not ck*sire more than 
what Menge has said of the tract I examined, that, with little 
exception, there is no true Neptunian trap in it. My views will 
not now be considered as having been taken with a prejudiced eye. 

I think that Menge has attributed more than enough to the 
hot-springs, because I consider, that their external dc'jios'trs^ 
are proliably as different from the results which occur below 
ground, as stream-lava is from what it would have bemi had 
it cooled under a powerful compressing force. It is probable, 
that after he has seen the west of Iceland, including Snmfcll 
Syssol, he will form a different opinion of the relative posi¬ 
tions of the trap and volcanic districts. His Volcanic-Neptunian 
rocks, ^re my Submarine Lavas, and his ideas"ol* the veing are 
somewhat Hiittonian. I suspect’that wlien Menge sees the hot- 
springs at Keikholt, he will linB that they issue from rocks that 
are not truly volcanic. Yours sincere!v, 

Edinburgh, Jan. 1820 . G. S. Mackenzie. 





Art. \ II.•*^j4ccount of the Trap and Cla^slate Forjnatkm 
iemlmg from Lhmdcgiif to Bmlth in BretkmcMdrc. In a 
Letter from Dr Gii.n v jnn, of Bristol, to Profes.sor Jamuson. 

HAPPENma to pasjs tlirough Builth three years ago, I was 
much surprised to find that die hills in front of the town are 
composed of trap-rocks. Inc«asaiit ram at tliat time prevented 
•me from making any particular examination of tlie country; 
but in the summer of last year, I had another opportunity of ex¬ 
ploring it in company with a friend, to whose activity and acute 
ob.scrvations I am much indebted; and we soon found, that 
these trap-hills foriii part of a long range, running north-east 
and south-Jwest, through an extent of eight or nine miles. The 
form of this chain is irregular, and it is difficult to describe it so 
as to ^ve an adequate idea of its shape. The northern extre¬ 
mity is at Llandegly, where it is seen at w’hat arc called Llande- 
gly Ilock.s. The appearance of the trap here, and in every other 
part of its course, is extremely characteristic. The hills which 
it forms arc frequently of considerable height; and every where 
presenting an uniform roundness of contour, their outline is 
generally heavy and ungraceful. Upon a.sccnding the highest 
part of Llandegly Rocks, the trap may be followed for a mile or 
more, forming a high crest or ridge; after which, it seems to 
spread itself into several parallel ridges, separated from each 
other by very distinct valleys, and finally terminates in a hill of 
considerable extent, called Carnethy, ivhich comes down to 
Llanelwyth, and upon part of which Mr Thomas‘’s house of 
Llanelwyth is built. The trap, as far as, this part of its course, 
^ireserves jiretty nearly the direction of north-ea.st and south¬ 
west ; but from tins spot it seems to run out more to the west, 
and, crossing the river about half a mile above the bi’ldge.at 
Builth, spends itself in the ground about Park A^’^eUh. I have 
thus described the range of the trap from north to south, which 
must certainly be a distanceof eight or nine miles; and its breadth, 
where it is spread out into separate parallel ridges, reckoning 
frpm Llandrindod Wells its western, to Bettys its eastern fiank, 
cannot be less than between four and five miles. * 

In general, it is considered iiftcresting in the description of a 
formation, to mention the different varieties of rock of which it 
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consists; but, in the present instance, a particular detail of this sort 
would bequite unnecessary. Whoever has seen much of trap-rocks 
must have observed, th.it, by continually passing into each other, 
they present the greatest possible diversity of structure. I never 
was more impressed with this fact, than in traversing the trap 
hills of this district. It was hardly jiossible to move twenty 
yards, without finding the rock exhibit quite a different charac¬ 
ter from that which 1 had just left. Any person will easily sa¬ 
tisfy himself of this ti uth, by examining the hill near the village 
of Llanelwyth, whe-rc, from numberless projections, he W'ill 
scarcely obtain two specimens resembling each other. In ob- 
sendng, therefore, the mineralogy of this formation, I have se¬ 
lected such specimens as were cliaracicrislic, or which presented 
any thing singular ni theii composition, and these I'have tran¬ 
smitted as an accompaniment to the paper *. The rocks that I 
chiefly observed ar<’. Greenstone of every variety. Felspar, Fel¬ 
spar passing into liouistoiie, Wacke, Porphyntic greenstone, 
and Clinkstone in a ([uarry near Llandrindod Wells. 

The next point of interest regarding the geology of tliis dis¬ 
trict, is the relation ,vliich the trap bears to the clay-slate for¬ 
mation ; for the whole of the country, comprehending a very ex¬ 
tensive circuit, is composed of these two rocks. 

In asccnclmg any part of the trap range, we at once perceive 
that it is quite shut in by a complete circuit of hills, so that the 
line of the trap f'ormation appears like the diameter of a circle. 
These hills, as we fully ascertained, arc composed entirely of 
clay-slate, with the excepiion of subordinate beds of sandstone, 
limestone, and giey-wacke. At the two extremities of the trap, 
VIZ. at Llandogly, and at the end of the range near Builth, the 
distance between the trap and the clay-slate is not very greats 
but on the sides of the range there is a considerable space of 
level country between them. 

In describing the course of tlic clay-slate hills, we may com¬ 
mence the line from the hills immediately behind Buildi, and 
proceed with it onwards to the long continuous ridge running 
south of, anil parallel with the road to Itadnor, and which is 
known, I believe, by the name of the Aberedway Flange. 
From Llanvihangcl Nart Mclan, the range is continued nOTth- 


* Thcfce have not been received.—E p. 
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wards in a line north of the village of Llandcgly to Penny 
Bont. On the west, the circuit is completed by llie range run¬ 
ning through Unnear, New Bridge, Llanavon Vach to Builth. 
Not only is the trap deposit inclosed by this circular range of 
clay-slate, but the clay-slate stratification occupies the whole of 
the low ground betv^een the lulls of the two formations. In 
skirting round the trap, and in examining the quarries and sec¬ 
tions at the base of tire fprrrtlition, wfi every where found it in 
* junction with the clay-slp/e. In attaining the Llandcgly rocks 
from the road, the schist appears at the foot of the lull lying on 
the ti-ap, but is soon lost m ascending the hill. The same is 
the case at the outskirts of the tiap at Beltys, and, in the road 
to Builth, the clay-slate has in many places been cut through, 
while immediately to the right is part of the trap range. Near 
Builth, the Wye winds round (he trap, wJnIe the hed of the 
river is formed of clay-slate. On the road to Llandrindod, 
there are numerous displays of clay-slate, hut by deviating a 
little to the right of the road, the line ol the trap is soon reach¬ 
ed, and at lilandrindod, the high ground above the Wells be¬ 
longs to the trap, and the plain below is composed of clay-slate, 
as may be seen at the small stream near ibe Hock-house. 

Having thus described the range of the trap, and the mode 
of its association with the clay-slatc formation, I shall now speak 
of the appearances which present themsi'lves at the junction of 
the trap with the claj^-sJatc. 

So much having liceii said with regard to the derangement 
of jiosition and alteration of structure produced by trap upon 
tile rocks, it was of course an object of primary interest, in so 
extensive a formaiion as the present, to see as nuidi as jK)s.siblc 
•of the contact of the two formations: but in two places only did 
I meet with any exliibition of the actual junction of the clay- 
slate with the tiap. As far as I can understand, the schist, in 
its proximity to the trap, is cither hardened into a complete 
fliuty-blate, or else into a soft bituminous rock, a vancly indeed 
of the black drawmg-chaJk. This soft bituminous slate we fre¬ 
quently found in our walks round the trap, but I never found 
i^but once in actual junction widi the trap. In gaining Llan- 
degly rocks from the road, wfe arrive ut an opening near a tavern- 
house at the beginning of the* ascent. Tliis opi'iiing is in the 
Mack shale, and it must then he nearly contiguous to the trap, 
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as tlic ahCfnt of a few ieet brings us directly upon a sort of har¬ 
dened wacko. In walking Irom Idandegly rocks to Bettys, I 
found in one or two places tlie black shale at the foot of the 
range, and at Bettys, near a mill, there is a considerable quan¬ 
tity of it. The edges above Llandrindod Wells, is composed of 
greenstone and clinkstone, but about half‘a mile from the Weils 
near the Rock-house, the black shale (if I remember right) is 
seen very extensi\'ely. ’ I have*Toand It in many other places, 
which it w'ould be needless, to mentinn, and wliich, in fact, it’ 
would be difficult to describe, from the want of names to fix 
their locality. I shall mention two other instances, in speaking 
of the junction of the trap with the clay-slate. This occur¬ 
rence, as I have before said, I only remarked in two places, one 
of which is in a ijuarry near IVIr Thomas’s house of Pen Carig ; 
the other I observed in the bed of the river. In this quarry a 
great mass of greenstone is exptised, and on one .side the clay- 
slate is seen resting on it, converted into a highly indurated 
rock. The exact relation which the trap maintains with the 
greenstone is not very evident, as the whole has a very confused 
appearance. Op|xi.site to this cpiarry there is a gate, and after 
passing a little way through it, we come to a spot where an 
opening has been matlc in the rock, which is then the black 
schist described above; and here, again, it is evident, that it 
must lie very near to the trap. 

The second instance wliere I met with the hardened clay- 
slate in contact with the greenstone, is in the bed of the river 
near Builtli, about a mile up the river towards Rhyador. The 
spot cannot be mis.sed, as the appearances which present them¬ 
selves are too interesting and extraordinary to be mistaken. 
We here see the river broken by projecting mounds of rock^ 
which proceed from both sides of the river, sometimes opposed 
to each other, sometimes jutting out alternately. These ledges 
arc for the most part trap, and every where traverse the slate, 
so that the intervals lietwccn ihem are filled up by the schist. 
Tliis in fact is the precise point of the trap range above allud¬ 
ed to, where, having altered its direction to the west, it crosses 
tlie rivciv before spending itself in the ground about Park Wei’s. 
I regret exceedingly that ray incapacity for drawing sliould not 
have enabled lUe to give a representation oP the scene which 
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here presents itself, as it is almost impossible to write a faithful 
description of it. 

It would be tedious and useless to enter into a particular ac¬ 
count of the number and composition of the different ledges of 
rock, and of the various appearances observable at each. I shall 
therefore content myself with giving tlie following remarks. 

The first thing which strikes the attention, is the hardening 
of the clay-slate almost ©very Where, at fts union with the green- 
Mone; I say almost every^ where, for at one spot (I think the 
fourth ledge) the soft bituminous slate lies immediately upon 
the greenstone. The induration of the clay-slate is seen very 
beautifully at the first of these projecting ledges* of rock, 
where the greenstone is flanked on both sides by a complete 
flinty slate,' so that the slate lies over the trap like the roof of 
a house. It is worthy of remark, however, that there is no dis¬ 
tinct line of separation between the schist and the trap ; on the 
contrary, there is a gradual passing of the greenstone into the 
hardened slate, and it is also curious that the slate, or rather 
the flinty rock, at its actual union with the trap, is not strati¬ 
fied, the stratification being manifest only when a little removed 
from the greenstone. The dip of the slate is every thing that 
is perplexing; sometimes it lies in a conformable manner upon 
the trap, sometimes it appears to dip under the ledge, as is the 
case at a tongue of rock, (a little above the island in the middle 
of the stream,) where the slate on one side is dipping under, 
and on the other side stands quite jierpendicular. In other 
places, the slate .seems shattered and turned about in every di¬ 
rection, and several times I observed large patches of the indu¬ 
rated schist completely contained in the greenstone. At the first 
•tongue of rock there is an example of this sort, and also ojipo- 
sitc the island on the Park well side of the river. In several 
places we observe the clay-slate, as it were, squeezed into the 
trap, and vice versa. 

The effect produced by the greenstone in indurating the clay- 
slate, does not extend very far, as it is evident tliat the space 
lietwecn the ledges into which the water flows, has heen origi- 

Tt -- - - - 

* These, and the following remafks, refei chiefly to that side of the river ad- 
joining the Hbyador road ; and by the flrst ledge, I of course mean the nearest to 
Builth. 
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nally occupied by the soft slate, which has been subsequently 
washed away by the flowing of the stream. 

I have said, that most of the ridges projecting into the bed 
of the current, are composed of trap. This, however, is not al¬ 
ways the case, for there are several composed of an exceedingly 
hard stratified, limestone, occurring in ■ beds in the clay-slate, 
and which is freijuently so hard as not to yield to the knife. 
T WQ of these limestonL-ridges ^re seen between the first and 
second great ledge of trap. The Uraeslone is also sometimds 
mixed with the trap, as is the case at the third great ledge, 
where the stream runs in a narrow chasm in the trap, near an 
oak which stands in the middle of the stream. On the north 
side of this tongue of rock, the slate is mixed with the lime¬ 
stone in a very curious way, the limestone having apparently 
been disrupted from a regular bed, and appearing in detached 
lumps in the slate. Higher up, the small island above alluded 
to, is composed of trap mixed with limestone, sometimes aftbrd- 
ing specimens somewhat resembling Verde Antique. 

I have now a few words to say upon the subject of or¬ 
ganic remains. The trap is, as usual, entirely destitute of 
them. In no instance did I ohson’^c any thing like a fossil re¬ 
main in tlic trap. In diflerciiL situations we found the clay- 
slate containing orthoceratites, trilobites, and curious inipres- 
rions of a small shell like a limpet. I have a very fine or- 
thoceralite which I obtained from the clay-slate between The 
Three Cocks and Builth. In tlic quarry in Mr Thomas’s 
grounds, we found the hardened slate full of trilobitc im¬ 
pressions, which arc sometimes very delicate and beautiful. 
The fossil is quite difl'erent from the Dudley one, and precisely 
the same as that which I have seen from the clay-state in other 
parts of Wales. The limestone and sandstone which occur as 
beds in the slate, likewise contain organic remains. In the 
sandstone I have frequently seen nests of a peculiar kind of 
beaked anomia; and we generally found the limestone crowded 
with madrepore.s, tubiporcs, small branches of coral, and seve¬ 
ral kinds of shells, most of which might readily he identified 
with tliose found in the Dudley limestone. In fact, from t|ie 
nature of the organic remains al^nc, it is impossible for a mo¬ 
ment to hesitate m pronouncing*tlie formations above described, 
as belonging to the Transition sciies. 
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In common routine, the sequel to the history of a trap for¬ 
mation, should be some attempt to reconcile the appearances I 
have described to one or other of the two prevailing tlieories; 
but as I have not the least interest in the inquiry, whether the 
earth was formed by^ fire or by water, I shall abstain from any 
discussion on the subject. I would merely wish to observe, 
that the hardening of the clay-slate in the neighbourhood of 
the trap, and the intermixture “Of the tWo formations, may be as 
•well explained, from the^ way in which the consolidation took 
place, as upon the Huttonian notion of subsequent violence. 
I am aware, that the induration of the clay-slate, and the ap¬ 
pearances of disruption in the adjacency of the trap, will be 
claimed by the Huttonians, as a fresh verification of their 
theory; biit the impartial geologist will immediately reflect, that 
if the induration of the clay-slate had resulted from the agency 
of fire, the same effect ought always to have taken place ; but I 
have alluded to one spot where the soft clay-slate lies in contact 
with tlie trap. In fact, from any thing I saw to the contrary, 
the opposite opinion may be maintained with equal probability, 
—that the trap is the more ancient formation,—that the clay-slate 
had been deposited around it,—and that the disturbance and 
eccentric appearances observable at the foot of the range, were 
4he effects of a particular kind of attraction in the crystalhzing 
mass naturally ensuing, where one formation ceased, and ano¬ 
ther began. 

There is one fact which will hardly be looked for, according 
to cither theory. In crossing over from Llandrindod to Bettys, 
I found an opening in tlie very midst of the trap deposit en¬ 
tirely of clay-slate. 

• _ 

Art. VIII.— Description a New Perspective Machine *. By 

the late James Watt, Esq. LL. D. F. B. S. Lond. and 
Edln. Member of the National Institute of France, and of 
the Batavian Society of Rotterdam. 

The perspective machine was invented alx)ut 17(15, in consc- 

qinence of my friend Dr James Lind having brought from In- 

# 

• ^ 

• The Editor is in possession of one of these machines, presented to lum by 
Mr Watt, and consttuetad by himself. 
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dia a machine invented by an English gentleman there, I be¬ 
lieve a Mr Hurst It consisted of a board fixed on three legs 
perpendicularly, upon which, close to the bottom and near the 
ends, were placed two small friction wheels, upon which a hori¬ 
zontal ruler rested, and could be moved, endwise horizontally. 
This ruler was about twice the length of the board. On the 
middle of this ruler was fixed perpendicularly another ruler, 
reaching a little above Oie uppe? edge ftf the board; and in this 
last ruler there was a groove, similar to that of the slip of tt 
sliding rule, which was also, like that, furnished with a slider, 
made to move freely up and down in it; and the upper end be¬ 
ing pointed, served for an index. 

In the bottom of the groove in the perpendicular ruler, there 
was a slit cut quite through the ruler, nearly from one end to 
the other. In the lower end of the slider was fixed a pencil, the 
point of which reached quite through the ruler to the paper to 
be drawn upon, which was stretched upon the board. An arm 
projecting forwards was fixed to one of the upper corners of the 
board (I do not remember how), and upon its end nearest the 
draughtsman, it carried a sight or eye-piece, consisting of a 
small piece of metal with a hole in it; and this eye-piece was 
elevated about half the width of the board above its upper 
edge. The rulers, sliders, &c, were made of brass, and were 
consequently heavy, but they moved easily on the pullies or fric¬ 
tion wheels. 

In using the machine, the lx)ard being placed at right angles 
to a line supposed to be drawn from the middle of the object 
which was to be delineated, and the .sight adjusted so as to give 
a proper scale, the socket of the pencil was taken in the hand, 
the eye applied to the sight, and the index or acute top of the 
slider was made to travel over the lines of the object to be deli¬ 
neated, which it was enabled to do by a composition of the hori¬ 
zontal motion of the lower ruler on the wheels, and the perpen¬ 
dicular motion of the slider on the upright ruler. The pencil 
then described the lines upon the paper. 

This instrument very readily described perpendicular or hori¬ 
zontal fines, as these accorded best with its natural motions; 4iut 
in diagonal or curved lines, it was difficult to make the index 
follow them exactly, and the whole motions were heavy and 
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embarrassing to the hand, and the instrument itself also was 
heavy and too bulky. 

I wished to make a machine more portable and easier in its 
use, and at the suggestion of my friend Mr John Robison, (af¬ 
terwards Professor Robison), I turned my |houghts to the 
double-parallel ruler, an instrument then very little known, and, 

I believe, not at all used. After some reflection, I contrived 
the means of applying it, to this-purpose, and of making the ma- 
,chinc extremely light and portable. 

The machine consisted of a Ixix, alxnit an inch and a half 
deep on the outside, 13 inches long, and 5 inches wide, and 
hinged so, that when opened it tbrmed a flat board, A, B, Plate 
VII. fig. 7. and 8., of 13 inches long and 10 inches wide, on 
which the paper was stretched. It was kept open by means of 
three legs, C, C, C, which were fastened to the back part of it, and 
served to support it at a proper height. From tlie right hand 
upper corner of this box or board, a jointed arm, D E, project¬ 
ed forward to carry the eye-piece or sight, F, which could, 
by means of the joints, be adj usted higher or lower, neaier to or 
farther from the board, as might be required. I’o the lower 
edge of the board were attached two thin slips of wixid, G, G, 
10 inches long and 10 inches apart, and to the lower ends of 
these slips was attached tlie lower side of a double parallel 
ruler, II, I, K, every member of which was 10 inches long 
between centres; so that when fully open, it formed two 
squares, joined by one side of each, and in otlier states formed 
lozenges, or rhombuses of different degrees of obliquity. This 
double pandlelogram was formed partly of thin slips of ivood, 
H, I, K, and partly of brass much hammer-hai’dened, and all 
^very light. 

To the middle, K, of the upjier side of tlie higher parallelo¬ 
gram was fixed, at right angles upwards, another slip of wood, 
L, about 11 inches long, and ending in a brass point, which 
served for an index, which, by the construction, could he mov¬ 
ed equally easily in every direction, and witli very httle friction, 
and at the same time all the positions of the rulers were always 
parallel to each other. A pencil, pressed ujxin by a spring, u as 
fixed in the junction of tlie porpendicular slip or index "at K. 

A paper being stretched upon the board, and the sight lieing 
moved to a proper distance from the board, generally about 
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18 inches, the hand being applied to the pencil socket, (for the 
pencil was not pressed upon by the hand), the upper point of 
the index was led along the lines of the objects intended to be 
delineated; and when perpendicular lines occurred, the in¬ 
dex pointing to the upper end of them, the finger of the left 
hand being applied to the lx)ard touching the perpendicular 
slip, and the pencil drawn downwards, the line would be 
straight, and in the saane way «thc horizontal slip served as a 
guide for horizontal lines. All others were drawn by the eye* 
guiding tlic index, and, if the paper was smooth, could be drawn 
very correctly. 

The whole of the double parallelogram and its attached slips, 
(which latter were contrived to be easily separated from the board), 
were made capable of being readily folded up, so a^> to occupy 
only a small space in the box, formed by the board when fold¬ 
ed up. The sight-piece also folded up, and readily found its 
place in the box, which also contained screws for fixing on the 
legs of the instrument, and the box, when shut, could be put 
into a great-coat pocket. The three legs were made of tinned 
iron, tapering, and every one a little smaller than another, so 
that they went into one another, and formed a walking stick 
about 41 feet long. 

I made many of these instruments about the time men¬ 
tioned, perhaps from fifty to eighty ; they went to various pai*t» 
of the world. Among other places several went to London, 
where George Adams senior copied and made tliem for sale. 


Aex. IX .—An Account Of a Map of the Countries subject to 
tlbc King ofAva, drawn try a Slave cf the Kin^s Eldest Son. 
By Fkakois Hamilton, M. D. & F. R. S. & F. A. S. Lond. 
& Edin. Communicated by the Author. (Concluded from 
p. 95.) 

To explain the names in tliis Map, I may begin at the north 
and west with the Kasi country, which is that called Cussay by 
Mr Arrewsmith, and Meckley by Major Rcnnell, its capitall'e- 
ing Manipur. None of these n^es, however, are used by the 
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natives «i‘ tlic count:.v, call themsel’t^s Moitay. Altliough 
the j»nnces of this cotiolry elHini a descenjl from l^abhrubalian, 
llic son of Arjp i, by Uluy iaughLcr tj^the Devil, that is, of a 
\\oo..ni >vlnj w.is not by bn'i!i a tbndcx) / and although the claim 
to f Lis most ancient desciMt ' : h'niftfci|a‘ias true b> all Hindus, 

and iKcntioued ni ihofr ..-..'s* and. ^though t)*. doitay are 
wotsJnpTH'rs of Vishnu, ye) their l.m^iagc seems to me radical¬ 
ly ihskuic Iroin the S uinskritn. {ftid thei« features entirely rc- 
s'iiiibh* t!ioso rii ii)e other ini.alu ants of the Farther Feninsula. 

the .di ann)as*p!acc the vvest ALiibat, which we 
mkI to till* nuiNi ^'a'hka, which we call Asam; 
is'se mi' be considci’cil\^elcar]y belonging to the })enin- 
not uicL’iV'd in <-i> { allbougli the 

nf L(/ili countiies now use' the clndc. . oi 15cng.il. 

'J'iH' (oiui'ii''' of the Kasi Shin, on (lie ujipe' part of the 
Klv.i'ndu.en ii\er, is not meinioncil by Ma'ior ll •'iiell nor by 
Mr Ari’ov sui'di, in I s of Asia; lui' is slightly noticed by 

the l.iiter, under I In* name ot Nor.x, in the Map of Asain, pu- 
*i!ished .dong with that of Ilind.i'.uni, from iii.aterials which I 
furiii hed. Nora, or ihe counttyof die ICasi Shan, when I was 
at Ava, ua'^ tiibniai'v loll'' Iv'ii' c ’ the Mraninas. but had 
princes of us own of the sause fa*,, e- with tlic dynasty which 
llien governed As./ni. d'Le native: jieak a dialect very little 
ilid'erenl fioni th u of anti call ionisedves Tav L.oiin; for 

the lace cade , '''lian bv tin IMramna.s eali tJu'm&cKe.s Tay, anti 
Loun is the -.peiifie lerni lor *liis pialioii of that extended race. 
Fy their neighlunu’s of Ka.si or Muitay, this kingdom is called 
llonir. 
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South l‘rom the Kasi Shan is the country tif the lo or Yo, a 
Ini'inehofthe Mranina race, M'hicli oceupie's chiefly a territory 
on the banks of the Vowa, between two chains of hills, the 
mountains of the Kliiam on the west, and that called Dankhii 
on the ca.st. The latter is of little elevation, and ends on the 
Fnvadi, a httle below Piigan. The streams from the west side 
of the Khiien mountains run towards Arakan. 

The mountains of the IChimn, above mentioned, are said to 
be great extent and con.siderable elevation, anti arc occupied 
chiefly by the tribe c.alled Khiaen, from between the 12ih and 
13tli degrees of nortli latitude, to "between tlie 18th and 19th, 
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that IS, for about 400 i; ales; but the breadth occupied by this 
people is in a small pr«,portion to the length. The KhiaL'n form 
one of the rude origintU tribes of the peninsula, and the great¬ 
er part i.s entirely indtoendcnt of any more cultivated race; 
but those who live towar Is the south are exposed to the inroads 
and commercial oppressioi^s of the Mram'nas, and submit to a 
limited obedience. Both stxes of this tribe are distinguished by 
having their faces, as v’cll as tl.eir bodies, tatooed, to use a term 
of the South Sea islanders, now common in our language. The 
Khia'ii have made more advances in* manufacture than any other 
of the rude tribes of the Farthe Peninsula, and weave silk 
cloths that are in high request a' tlie court of Ava. 

Farther west than the independent Khisen, but not mentioned 
in this Map, a very large space is occupied by the most warlike 
and extended of these rude tribes, which is called Laengich by 
the Mranmas, a name changed by the Bengalese into Lingta; 
but among these Hindus, this rude tribe is more commonly call¬ 
ed Kungky Kooky, or, as Sir William Jones wrote, Cuci Most 
of this tribe, however, Avith whom I have conversed, called them¬ 
selves Zou, and their territories extend close to Manipur and 
Kachar. Some of their chiefs seem to be jHisscssed of a little 
power, and on predatory excursions can bring several thousand 
men to the field. 

South from the Ijaengaeli or Cuci, and wcht from the Khia*n, 
that have become tributary to Ava, i.s the country called Bak- 
hain, a name tvliich has been corrupted b^ various jieople into 
Roang, Hoshawn, Aracan, Sec This, however, is rather the 
vulgar name of the capital than of the people, who, by those of 
Ava, arc called Great Mranmas, as being the original source of 
the whole race. The people of Rakhnin, however, write thgir 
name Marama, making it consist of three syllables, while in the 
orthography of Ava it has only two, and the R in their pro¬ 
nunciation IS changed into Y or J. From tlie name Maga, IVIo- 
go, Moghi or Mug, given by the Portuguese, and, perhaps. 
Low Bengalese, to the Rakhain, Dr Leyden inia^ncd this to be 
the Magadha of the Hindu writers, as if the principal kingdom 
in India or Bbaratkanda had been situated lii an obscure ^omer 
of the Farther Peninsula, and not on the banks of the Ganges. 
This part of the Map is very defective, the towns called Janbra 
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and Munaun lieing on two islands, ana not on the Continent. 
The kingdom of Rakhain, now subject to Ava, has at times 
been very powerful, and has extendedyUl over the western por¬ 
tion of the peninsula; for besides ttwnerous rude tribes, and 
several .petty chiefs of Hindu originf/t had subjected the Sak- 
mas or original inhabitants of Chati^ng, the Tripuras, who in¬ 
habited the eastern bank of the B/^maputra in the lower part 
of its course, and the Asam, who held Jpoth sides of this great 
rlvyr higher up in its courst. 

East from the southern part of the Rakhain country, between 
it and the territory of A\>d and I’ago, we have a mountainous 
tract, occupied by a rude triCc^.alled Karain by the Mranmas, 
and probably the original inhabiiu:^Jts pf all the country east from 
thence to the frontier of" Siam. The woods every where on the 
hills between Prin and Taunu, and south from thence to the sea, 
are occupied by these simple people, who carry on most of the 
cultivation, and supply the wants of the Mranmas and other in¬ 
habitants of the Uiwns : so that between Prin and Rangoun, I 
scarcely observed any cultivation, but what was the labour of the 
Karien. 

East from the southern part of the mountains occupied by 
the Khiien and Karajii, is the country of the people by the 
Mranmas called Talain, and by themselves Mon. By Euro¬ 
peans this country is called Pegu, from its capital, the Pago of 
the Mranmas, several of whose* nionarchs have resided in this 
city, and tlie Mranmas now form a large proportion of the 
whole inhabitants of the country, many of the Talain or Mon 
having retired to the kingdom which we call Slam, where they 
are much encouraged, their men being eminent for acuteness of 
^mderstanding, and their women for agreeable manners. 

North f“rom the country of" the Talain, on both sides of the 
Erawadi and Khiffindinen, is the proper country of the Mran¬ 
mas, who, for two centuries past, have in general been the most 
jKJW’erful nation in the |Xinmsula ; but acknowledge a descent 
from the Mranmas of Rakhain. Their country by Euro¬ 
peans is commonly called the Kingdom of Ava, from a cor- 
rujit pronunciation of iKmva, the vulgar name for the ca¬ 
pital ; and the names Mranma, Burma, Birma and Brahma, 
often given to the nation, arc all •probably corruptions of Mara- 
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ma, used by the people (j;f Rakhain, from whom, as I have said, 
tliose of Ava derive the^ origin. Brahma is the corruption of 
diis name commonly us^l by" the natives of Hindustan ; and I 
suspect that Dr Leyden ^vas totally misinformed, when he con¬ 
sidered the Sangskrita wi^fd Varma as the name of this people. 
Several Hindu piinces hav>^ used Vai'maas*a title; but tlie most 
celebrated persons of this na^ge were not a nation, but a dynus- 
ty, governing the impure triber 3f Kirata or Kichak, and who 
long held Nepal, and conquered several countries in the north^ 
and east of Bengal. It is possible that some of these princes 
may have penetrated to Rakhain,, ind from thence to Ava; 
but, unless we knew Dr Leydcn’at-i'^diority, much reliance can¬ 
not be placed on his au^hOTijiy, as he evidently was but slight¬ 
ly informed on the subject, did not know the name, by which 
the people of Ava call themselves, and gave tliem one, Varma, 
which no combination of their letters will express. The term 
Birman Empire, given to the kingdom of Ava by my late 
worthy friend Symes, is the Persian pluial of Birma, one of the 
vulgar corruptions of Marama, he having coiTesponded with 
the government of Ava in the Persian language. The original 
inhabitants of the Mraiima country, before the Chinese inva¬ 
sion, were probably Khiain, as the Mranmas still retain the cus¬ 
tom of tatooirig on their legs, although they do not disfigure 
their faces with this attempt at ornameiit. 

Every where on the north and east, the profier country of the 
Mranmas, is hounded by districts occupied by the people ivhicli 
they call Shan, but who tall themselves Tay. Prom the Mran- 
ma word Shan, through the Portuguese orthograjihy, is no 
doubt derived Siam, the name we give to the most distinguish¬ 
ed nation of this race. I have already mentioned another na- 

w 

tion of the same, the Tay Loun or Kasi Shan. East from 
this people, on both sides of the Erawadi, between the Mran¬ 
mas and Chinese, and extending from thence far .soutli bctiveeii 
the Mranmas and the Saliien river, is a numerous people of tlie 
same race, governed by many hereditary chiefs called Zabuas, 
and tributary to Ava. By the Mranmas this branch is called 
Mrelap Shan or Shanwa, and the king of Ava, among his titles, 
usually assumes tliat of Sovereign of the nine provinces of Slian 
(Ro-shan-pri,). meaning the nine chief provinces of the Shanwa, 
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that pay him tribute. There can be Iftlc doubt that tliis is 
the same country with that in the Uwverhal History, p. 153. 
called Ko-sangf-pyi, the 11 in Koshanjy being sounded exactly 
like Y. According to the Universal Alistory, Kosang^iyi lies 
west from the northern Luos, and ha^n its west again the great 
forest of Pahiniapan, wliich is no d^bt the mountainous ridge, 
that, rising on the banks of Uiy^^rawadi, half way between 
Ava and Bhanino, on tlie frontier of Ctiina, runs south, a little 
ihclining to cast, until it approaches the sea at Moutama or Mifr- 
taban, and sejiarates the co\utry of the Mranmas from that of 
the Shanwa. Where I saw^'Jfi^ ridge, near Amarapura, it ap¬ 
pears to be of a considerable heig*’»t, probably 4000 or 50(X)feet 
perpendicular; but several rivers pass tlirough it, and tliere arc 
many passages for troops, so that it docs not seem to form a 
boundary of strength. In this country of Kosangpyi, the au¬ 
thors of the Universal History, p. 13G. justly place the Tuy-yay 
or Great Sianuiie&e of Loubere, and probably the Kalaminham of 
Mendez Pinto, who went to tlie court of its king m 1545, when 
the whole of the Shanw^a cities were probably united untier ono 
native prince; but they have now been long subject Ui Ava, 
and governed by petty princes called Zabuas. 

In the south-west ctiriier of the territory occupied by the J-'Iiaii- 
wa, is a large hilly tract occupied by Kara-'ii, who, in 1795, re¬ 
jected the authority of the ICiiig of Ava, and bordered on the 
country of the Talain. These retain the jinniitive rudeness, 
and were more protected by tlie forests and lastnesses w^lueli 
they held, than by their skill or energy in the use of aims. 

South from the east end of the Talain country, is that 
by the Mranmas named Breit or Byeit, which in the niaj) 
oCcupics a small .space, but in reality is of considerable dimen¬ 
sions, extending along the sea-coast from about the lOnh to 
the IGth degree of north latitude. The Breit of the Mranmas, 
as appears from their language, are of the same race with these 
conquerors, but W’cre long subject to Siam, although they now 
belong to Ava, and are separated from the kingdom of Siam by 
a considerable ridge of hills, which extend far to tlie nortli, in- 
terprfeed between the dominions of Ava and Siam, as these |x>w- 
ers stood in the year 1795. Breifi^ the capital city of this terri¬ 
tory, is the Mergiii of Europeans. 
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Previous only a shoi^: time to ray having been in Ava, Siam 
had been subject to tlie^Mranmas; but after a bondage of some 
yearsj the Siammesc had thrown off’ the yoke, and had entirely 
recovered their indepenti -nce, although several states, formerly 
tributary to Duarawadi o,* ludara, as its capital is called in the 
Pali and vulgar languages,^ still remained subject to Ava, or had 
at least refused obedience to the new dynasty. The Siammese 
call themselves Tay Noe or Little Tay; but by tlie Mranmas they 
are called merely ludara or ludaia, both pronounced Yudaya, 
after the vulgar name of the anc’(*nt capital. Although the 
Mranmas consider the Siamme?^ !!s belonging to the Shan race, 
they do not call them ludara ^lian, because they have given that 
name to the people of whaT*we call Cambodia. The inaccuracy 
of Loubere’s map of this kingdom, did not escape the author.s of 
the Universal History, (p. 195.) The map which I now pu¬ 
blish, regarding Siam at least, is equally defective; for, although 
the author introduces two largo countries between it and China, 
he places it nearly in the same latitude with the kingdom of 
Pegu, that is, las Talam country, and gives it a less extent, 
omitting altdgether the Gulf of Siam, the coasts of which form 
the larger projxirtion of the kingdom. 

On the north-west of Siam or ludara, is a considerable extent 
of hills and forests occupied by the tribe called Lowa or Lawa, 
many of whom are also scattered among the forests of the coun¬ 
tries occupied by the Shan or I'ay nation, although it is only 
in a few places that they are noticed in a map on so small a 
scale. 1 imagine, that these Lowa or Lawa are the original in¬ 
habitants of these countries, and that, mixed with the kindred 
race of Chinese, and with certain colonists from Hither India, 
tliey form the Shan race. 

Nqrtli from these Lowas, who are partly tributary to Siam, 
and partly to Ava, the slave places the country of the lun Shan, 
the capital of which is Zsenmae. There can be no doubt that 
this is the country which, in the Universal History (p. 135.187.), 
is called Jangoma, and that the capital is the same with the 
Chiamay of Loubere. 

North from the lun Shan is the country of the Lowa Shan, 
who retain the name, which ^ consider as belonging to the rude 
tribe that, mixed with Chinese and Hindus, has given origin 
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to thfl Shan race. This term Lowa cr Lawa is no doubt the 
source of the names Lao, Lawho, Lau hr Laho, applied by va¬ 
rious authorities to the same people; ^nd the Lowa Shan of 
the Mranmas is no doubt the same the Nortliern Lao or 
Laho of the Universal History, the dlipital of which, about the 
middle of the 17th century, was call^ Leng, by the Chinese at 
least. But that city stood on thcribank of die Menan Tay, a 
branch of the Menan Kong, or'Mckong of tine Chinese, which 
»s the Maekhaun of the Mranmas. Menan Tay is therefore the 
Msekhoup of this map ; Av\iic Kiaintoun, the present capital, is 
situated beyond the river ot 

North from the Lowa Shai-^w'hich Mr Dalrymple seems to 
have placed too far in diat direction, is a mountainous space at 
the sources "of the river of Siam, which is occupied by an inde¬ 
pendent and rude tribe of Lawa, To the north-west of this 
space in the slave’s map, is placed a still more extensive tribe, 
called Kakhisen, which occupies both banks of the Saluien for 
some way after this river leaves China. As I shall have no 
farther opportunity of mentioning this people, I may here 
state that they differ both in manners and language from the 
Khiaen, and are readily distinguished by their tatooing only a 
small spot between the eyes. The Kakhiasn, who inhabit the 
banks of the Salua;n, are independent, and very troublesome to 
the merchants going to China, being of a more warlike disposi¬ 
tion than most of die other rude tribes. A considerable num¬ 
ber of the Kakhiaens has, however, been rendered tributary, 
and forms a large proportion of the inhabitants in the principa¬ 
lity of Bhanmo, which occupies die space between die Erawadi 
and China. 

• East from the Lowa Shan, and from the great Maekhaun 
river, the map of the slave places a country which is called Ta- 
rout or Chinese Shan; for the Tarout of die Mranmas arc the 
people we call Chinese. These Tarout Shan probably occupy 
the north-western part of Tonquin, as laid down by Mr Ar- 
rowsmith, but arc probably one of the two small kingdoms to 
the west of Tonquin, mentioned in the Universal History 
(p^itSS.) by the name of Law-chiva, which should evidendy 
have been printed Law and Chiva; Law being the Lowa Shan 
of the Mranmas, and Chiva their Tarout or Chinese Shan, Uie 
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capital of which is Kiajnrounkri. When I was at Amarapura, 
this would appear to h^ve been lield as a principality tributary 
to A\a. ^ 

South from the Tarou^ Slian, on botli sides of the Msekhaun 
river, is the tounliy of tl^e Lnnza.'n Shan, evidently the sanic 
with Lanjang, or Southeai Laos of the Universal History 
(p. 1IG.), although the auiitKprs of this learned work were mis¬ 
taken in supposing Lanjang lo be the name of the capital, 
which is called Zanclapuvi. 

It W'as stated at Ava in 1795, thi^, these four principalities of 
Shan, namely, Yun, Lowa, T'»^ut, and Lamzicn, were go¬ 
verned by an etpial number ^hereditary chiefs, tributary to 
the king, and held in subjection by two great military officers, 
resifhng with strong garrisons at Kimn^.m and Mamkhaiii, near 
the Miekhciun river. Since that time, there is reason to suppose 
that the King of Cochinchina has wrested from Ava, not only the 
two eastern principalities, but also these two strongholds, which 
seem to form the lounlry that in the Universal History (p. 152.) 
is called the provinces of Kyanseng and Kemcrat, in which case, 
the ri\er called in that work Mcnmitay, must he the Ma'koup 
of the slave; and the It'rritory belonging to these strongholds 
originally belonged to the Lowai Shan, who now occiijiy only 
tlie western jiortion of their territory. 

South from the Lfcnzaeii, the slave’s map has, on both sides 
of the Ma’khaun, the ludara Shan, subject to the ludara king, 
or Siam. This is the country called Kamboja in tlie Universal 
History, and Cambodia by Mr Arrow'smitli. It has seldom 
been i'ide|>endent, but lias generally been tributary to either 
Cochinchina or Siam. I’lio latter was the case in 1795; but I 
believe the jKiw'cr of Cochuichina has since extended over tliiT 
as well as over the other countries on the Miekhaun. 

On the inoiiutaiiious tract east from the lower part of the 
Maekhaun, in this map, very much reduced from its proportion 
of extent, the slave places Wild Lawa, evidently the same with 
the Loys of the Universal History (p. 425.), that is, the ori¬ 
ginal inhabitants of Champa or Siampa, who have been long 
subject fo the Cochinchinese, ,, 

North tVoiu these Lawa, along the sea-coast, the map places 
the Kiokachin Shan, which term here evidently includes both 
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Cochinchina and Tonquin. The Mrflnmas in general call the 
people of both these countries Kio; a»d in fact they form one 
nation, assuming to themselves Angn/m as a common name, 
and speaking one language, called Anmitic, of which Alexan¬ 
der de Ilodcz has published a dictlfnary and grammar. Kk» 
Kachin is, however, no doubt the source from which we derive 
the Cochin of China, to distingyi^ it from the Cochin of In¬ 
dia ; and this part of the Anamitic natiton having for some time 
“l)ecn by far the most powerful, the compiler of the map has 
satisfied himself by mentAjning it alone. The more especially 
as, when it was compiled, a'^aige proportion of Tonquin seems 
to have been subject to Ava,* forming the principality of the 
Tarout Shan. The Mranmas, luiwover, often distinguish the 
two divisions of the Kio, or Anamitic people, by calling the 
northern Kiohiain, and the southern Kiodain. 

I have already mentioned, that China is by the Mranmas 
called the country of the Tarout, which accordingly occupies 
all tlio north-eastern part of the map. 


Aut. X.— On the Changes (^'Colour In the Feathers of Birdsy 
independent of Moulting. In a Letter from the Rev. Johjm 
Fleming, ]).D. F.ILS.F. & M. W. S. to Professor Jamesom. 

My BEAK Sltt, 

X^iviNG at a distance from the scat of Science, it Is only with¬ 
in these few da^s that I have had an opportunity of jicruslng 
the second ])art of the twelfth volume of the Transactions of 
^the Liiincan Society. The pleasure attending the examina¬ 
tion of its contents w^as greatly heightened, when I perceived 
many illustrative examples of the truth of im opinion which I have 
cntta'tained for many years, namely, “ That the colours of the 
hair of quadrupeds, and the feathers of birds, change with the 
season, independent of the ordinary processes of casting and 
moulting.’'’' That this opinion has not been generally adopted, 
need not excite any surprise, when we consider that many zoolo¬ 
gists regard the feathers a.s destitute of every kind of circula¬ 
tion, and therefore •subject to »o other change than that which 
is produced by external agents. When I began, in reference 
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to this subject, to exam^e the differences of colour bet\reeli the 
summer and the winter ^dresses of many of our native birds, 1 
was led to conclude, Iron seeing feathers in all the intermediate 
shades of colour, that in many species there must, in the course 
of the year, be five or sixe different moultings, or that the co¬ 
lour changed while the feauher remtuned. Upon searching for 
proofs of such frequent moulojigs, I not only was unsuccessful, 
but by observing feathejs in progress to their destined colour, I 
abandoned the former opinion, while I embraced the latter. In 
hopes of being confirmed in my view;, by the communication of 
new facts, I stated my opinion subject to the late George 

Montagu, Esq. than whom, sinpe-the days of Willoughby, no 
one lias examined, wnth so much care, the characters and eco¬ 
nomy of our British birds. I was disappointed in finding him 
prejudiced in favour of Uie old opinion, and disjxised in some 
cases to admit, in the same bird, three successive moultings in 
the course of a year. In Ins letter, dated “ Knowle, 7th De¬ 
cember 1814,” he adds, “ But I have no conception of a change 
of colour in the same feather or the same hair, (because the co¬ 
louring matter has been disposed m embrj o), except by length 
of time, as our hair is changed by age.” When I prepared the 
article Hybernation of Anhnah^ which was printed, in 1817, in 
the eleventli volume of the Edinburgh Encyclopaedia, conduct¬ 
ed by Dr Brewster, I endeavoured to collect the proofs of the 
truth of my own views on the subject, and succeeded in at 
least convincing myself that they amounted to demonstration. 

In the thirty-third article in the volume to wliich I have al¬ 
luded of the Linncan Transactions, the subject is likewise 
brought forward. It is entitled, “ llemarks on the Changes of 
the I’lumage of Birds. By die Rev. William Whitear of Star-* 
ston in Norfolk. Communicated by Joseph Sabine, Esq. 
F. 11. S. and L. S. Read April 6*. 1819” In this paper the 
author, evidently unacquainted with my observations and con¬ 
clusions on the subject, published nearly three years before, 
states, ‘‘ But no writer, with whom I am acquainted, has 
hitherto pointed out the fact, that in some birds the full grozon 
feathers themselves change colour^ zvHhout hc'mg replaced 
nezo ozies." And afterwards he adds, “ On the 9lh of January 
last, I received a young wild mallaul, which had nearly assum- 
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ed the plumage of the adult bird. Upoit-examining the feathers 
of this bird, I found many of them whiph were party-coloured, 
the same individual feather retaining, m some parts, the colours 
of the bird during its first months, wd in other parts exhibit¬ 
ing those of the perfect bird,” p. Other facts of a similai; 

kind arc likewise recorded, as havin^mgen observed in thg chaf¬ 
finch, sandpipers and gulls. 

In the valuable “ Memoir oh the Birds of Greenland,” by 
Captain Edward Sabine, which follows the communication of 
Mr Whitear in the volumt^. there is added, under the Alca aUcy 
some very interesting infoni^q,H»n regarding the change of co¬ 
lour Avhich its feathers undergo. “ The whole of the birds in 
the breeding season (the sexes being alike), had the under part 
of the neck an uniform sooty-black, terminating abruptly, and 
in an even line against the white of the belly : the young birds, 
which we saw in all stages from the egg, as soon as they wero 
feathered, were marked exactly as the mature birds; but in the 
third week of September, when we were on our passage down 
the American coast, every specimen, whether old or young, was 
observed to be in change; and in the course of a few days, the 
entire feathers of the throat and cheeks, and of the under part 
of the neck, had become white,” p. 537. I am the more pleas¬ 
ed with the details of the change of colour in the plumage of 
this bird, because my attention was first directed to the subject, 
in consequence of comparing a specimen in its summer dress, 
which I received from that accomplished navigator Captain 
Scoresby, with those which I obtained in their winter and spring 
dress in Zetland. Montagu has indeed availed himself of the 
facts which I thus ascertained, in his supplement to the Omi- 
•thological Dictionary, article Auk, Little, 1813, and other de¬ 
tails arc given in the article Hybernation, Edin. Encyc. vol. xi. 
p. 388. 1817. 

Neither Mr Whitear nor Captmn Sabine have offered any 
conjectures in illustration of the laws which regulate these 
changes of the colour in the plumage of birds, and of the pur¬ 
poses to which they are subservient in the animal economy. Iin 
tb<? article Hybernation referred to, I arrived at the following 
conclusions: 

1. That tliis change, when it takes place in spring, is from a 
light to a dark colour, and that in autumn this arrangement is 
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reversed. Hence it foHows, that in those animals in which a 
change of colour takes jplace, without a change of covering, the 
winter dress will always^be found pale or white coloured, while 
the summer dress will bethright or dark. There is one remark, 
however, made by Captain Sabine, while treating of the Larus 
glaucus, which appears toHnilitate against this law: “ In win¬ 
ter, the mature bird has the 'iti'ad and neck mottled with brown, 
as is usual with all tke white-lieaded gulls. In the perfect 
summer state, the whole plumage is wliite, excepting the back, 
scapulars, and wing-coverts, which a 'e a very light ash colour,” 
p. 544. But as tlie observation:^ iidiich led to this remark were 
made on stuffed sjiecimens, it i^ possible that neither the age of 
the individuals, nor the periods at which lliey ivcrc shot, have 
been accurately recorded. In a domesticated state, Montagu 
observed the heads of the Larus canus and fuscus become mot¬ 
tled during the w inter season, and resume their while state in 
the spring; but it remains to be determined if similar changes 
are effected in a wild state, where the quantity of food and the 
shelter are so very difi’erent. I'lie scepticism wliicli we arc here 
disposed to entertain, is sanctioned by the observations of ten 
years attention to the subject, and even by numerous remarks, 
which occur in various other parts of the paper. We trust that 
Captain Sabine will not censure our caution as originating in a 
regard for a favourite hypothesis, since we can assure him, that 
the discovery of truth is our only object, and that the value 
of our conclusions is estimated by the strength of the proofs by 
which they arc supported *. 


• We are disposed to request much stronger evidence th.in ojdnum.^ in the ab- 
^cncc of tiny direct proof or .intdogy, before u c admit that llic black markings of the 
primary qiiill-fcathcis of the herring-gull, which endure the seventies of a Europcs. 
an winter, vanish altogcthci as the eflect of climate m the summer of Greenland. 
Yet t'.iptain Sabine, on the authority of Mr Tcinmmtk, regards the Silvery gull 
with white primary ipiill-fcathers, as the mature Greenland aunimer dress, and tho 
mature J'Airopean winter dress, of the Hcrring-guU If this is really the true state of 
the case, we w'ould ask, What is the mature Euiopcan summer dress of the Larus 
glaucus ? Has it ev er been found w itli black markings on the primary quill-fcathcrs ? 
This last spci'ies of gull is alluded to by Captain Sabine as a British bird. In the 
spring of 1818, Mr Bullock, whose valuable additions to the list of British binds 
are well knowm, shewed me a specimen of one wdiich he had obtained from Zet¬ 
land, and informed me that others h.id been shot at the mouth of the Thames and 
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2. That these changes of colour are regulated by the tempe¬ 
rature of the atmosphere, the dark deep tints occurring during 
the heat of summer, the light-colouref/ ones in the cold of win¬ 
ter. “ This supposition is countenanced by the slowness of the 
process of change of colour in a mild autumn, and its imperfect 
accomplishment during a mild wittier. Besides, m some ani¬ 
mals, such as the black guillcmoy the change is never complete 
in the more temperate regions, 'but becomes more perfect as we 

‘ proceed northwards, until* at Greenland the bird is of a pure 
white.” In attending, thdreforc, to the plumage of birds in re¬ 
ference to this subject, th^* ^mildness or severity of the season 
should likewise be considered. By attending to this law, the 
ornithologists may detect many spurious species in the modern 
lists of Bi’ttlsii buds, even after the successful labours of Mon¬ 
tagu to elucidate the subject. 

3. That these changes assist in regulating the temperature of 
animals in the dilfereiit seasons of the jear. Ills generally 
sujiposed, that many animals become white in v inter, m order 
to enable them to escape tiie observation ol‘ their foes, being 
nearly of the same colour as the snow. In reasoning concern¬ 
ing final caUvSes, we should be careful to draw our conclusions 
from a minute and impartial view of all the circumstances of the 
case, lest we attempt to establish laws, whose operation would 
produce pain or ruin, where wc intended to unfold the marks 
of wisdom and benevolence. It is obvious in this case, that 
w'hile the ptarmigan and alpine bare would be protected from 
danger, the eagle, the cat, and the fox, would be in danger of 
starvation and death. But the fallacy of this popular opinion 
may be demonstrated from the circumstance, tliat the defence¬ 
less and the rapacious, the tei restrial and the ac[uatie animals, 
arc etpially subject to the change; and that the order of .succes¬ 
sion in the shades of colour is always the same, however cliffe- 
reiit the habits or stations of the animals in w'hich it is observed. 
The following explanation w'as offered of these curious pheno¬ 
mena of the animal economy: “ If the radiating powder of bo¬ 


at 4iun(lerld'''rl. In .1 letter which I received fioin him .ihout eight months ago, he 
*tatecl, that he had received another .specimen from the Hcv. Ur Stiurt ol Lutis, 
which had been shot upOn Loch Lomouii. 
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dies with regard to heat be inversely as their reflective power, 
a conclusion yery genfi|*ally admitted, then the white winter 
dress of these animals yiust be better calculated for retaining 
the heat generated in their bodies by the vital principle, than 
any other coloured dress which Avould possess greater radiating 
power, and, consequently, would more readily contribute to the 
reduction of their temperature^ Is it not in consequence of the 
same arrangement, in reference'to temperature, that many old 
and young animals are pale coloured, and that the hair which 
grows from a part that has been wour^ded, is always whiter than 
the covering of the sounder part> ^ 

Manse of Flisk, 1 
Pecember 5. 1819- J 


Note hy Professor Jameson. 

In reference to the preceding paper, we ha\ e to remark, that 
IVIr Whitear does not appear to have known that the fact in re¬ 
gard to the change of the colour of the feathers of birds is not new, 
having been published in the year 1792, by Captain Cartwright, 
a gentleman long resident in Labrador; and my friend Dr 
Fleming also being unacquainted with Cart^vright’s statement, 
has fallen into the same mistake. For the information of our 
feadens, vfc subjoin the following extract from Cartwright’s 
Journal, (3 vols 4to, Newark, 1792), which contains his obser¬ 
vations on this subject, and which proves not only the change of 
colour in the feathers, but also that an additional quantity of 
feathers is formed on approach of winter; “ 28th Septemlxjr 
1773.—This morning I took a walk upon the hills to the 
westward, and killed seven brace of grouse. These birds 
are exactly the same with those of the same name in Eu¬ 
rope, save only in the colour of their feathers, which are 
speckled with white in summer, and perfectly white in winter, 
(fourteen black ofies in the tail excepted) which always remain 
the same. When I was in England, Mr Banks (now Sir Jo¬ 
seph Banks), Doctor Solander, and several other naturalists, hav¬ 
ing inquired of me, respecting the manner of these birds changing 
yolour, I took particular notice of those I killed, and can aver, for a 
fact, t|jiat they get at this time of the year u iery large addij^ion 
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of feathers, all of which are white; and tliat the coloured fea¬ 
thers at the same time change to white. In sprirj^, most of the 
white feathers drop off, and arc succeeded by coloured ones; 
or, I rather believe, all tlie white ones drop pff, and that they 
get an entire new set. At the two seasons they change very 
differently ; in the sj^ring, beginning at%he neck, and spreading 
frow thence; now, they begin -tJfi the belly, and end at tiie 
neck\ There are also pthannagans ii^ this country, which are 
in all respects the same as those I have killed on some high 
mountains in Scotland.” Vol. i. p. 278. 


AiiT. XI w—On the Proper Method of laying down a Ship's 
Track on Sea Charts, with some Remarks an t \e Importance 
of Time-keepers in Navigation. By Captain Basil Hall, 
It.N. F.ll.S. Loud. & Edin. Communicated by the Author. 


There is no pf)int in practical navigjipOn of more impor¬ 
tance, than the allowance for the direction and velocity of 
currents ; and although the lntrt>duction of time-keepelrs and 
lunar observations has led to much more accurate methods of 


making this estimate, yet there is unquestionably .still much ob¬ 
scurity belonging to this branch of the subject. And although 
it is scarcely to be hoped that we shall ever arrive at a correct 
knoM ledge of the laws which regulate the great streams of the 
ocean, we may certainly hope to approach much nearer than we 
are at present to the true state of the facts?, and that we shall 
eventually be able, in tlie practice of navigation, to make much 
juster allowances than we now do for the influences of these 
powerful agents. 

Probably much of the obscurity which belongs to this sub¬ 
ject, arises from the inaccurate way in which the tracks of ships 
exjiosed to the influence of currents have been laid down on our 
charts; for the method most in use has this essential defect, 
namely, that on inspecting the chart of a preceding navigator, 
itJs rai^ly possible to discover where any current began, where 
it\eas^ to act, what was its direction, or what its velocity,— 
all essential points. 



278 Captain Hall on tJie proper MetKod of 

The mode proposed in this notice answers all these questions, 
and is quite easy in practice as that in most general use. It 
is so obvious, tliat I cannot lielp being sure tliat it must have oc¬ 
curred to many 'j'*ractical navigators ; but as 1 have never met 
with it m any treatise on na\igation, and have never seen a sin¬ 
gle chart in which the tracks were so laid down, I trust this' 
notice wiir not be considered superfluous. 

The common method is as Follows: The ship’s place r5 each 
day, as estimated from the log-board, is noted on tlie ehai't; 
and also the place, as deduced from chronometers and lunar 
obervations. The first is called the Place by Dead lleckoii- 
ing, the other the True Place. Pile line joining the true 
places at ntwm is called the True Tiack; and that joining the 
others is called the Track or course by Dead Keckomng. 
As it happens invariably, that these two tracks separate very 
early in the voyage, and never afterwards conic together, un¬ 
less by accident, it is obvious, that, upon inspecting the chart, 
no information will be afforded as to the point where tlic cur¬ 
rent began, or wn.:«'e it t:eased, or what was its set, or its velo¬ 
city : all that we sec is, two tiacks wandering apart fioni one 
another, and it alwaj-s requires some calculation and measurement 
to come at any thing like an estimate of the true effect of the 
ciira'Ut. 

The tracks laid down on some of Mr Arrowsmith’s maps of 
the Atlantic, are on this account altogether useless, altliough 
inserted expressly to show the effect of the current. And I 
speak from experience when I say, that a chart marked in this 
manner, whatever attention may have been paid to it by the 
navigator, leads only to confuse, and not to instruct. 

The method which it is proposed to substitute, is this: Let 
the true place he laid down each day as before, either at noon, 
or, which is better, at the precise moments of observation for 
the longitude. I^et a fresh departure be taken from every such 
true place so noted in the chart; and whenever a true place is 
marked on the chart, let the place by dead reckoning at that 
moment, estimated hy log-hoard from the last true placey be also 
noted down. From each true place let two lines be draw i, 
one to the next true place, and the other to the dead rc 'kotxing 
place at the same moment. 
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It will follow from this, that the true course of the ship will 
be one continued unbroken line; but the dead reckoning course 
will be a series of terminated lines running off fron^lic successive 
true places. The advantages of this mctliod ^ these : In the 
first place, it will be evident that as long as>fenere is no current, 
the true and dead reckoning plates will cojprcide, and there will be 
but lyie line on the chart; but thjj,»«i§tftnt that a current begins 
to aetj;^ the true and dead rcckotiing places will be different, and 
the lines will separate: ancf whenever the current 
ceases, there will again be but one line. TThese distinctions 
catch the attention at once ; but the plan has tins farther great 
advantage, that the line joining the dead reckoning place and the 
true place, at any given hour, will express correctly the direc-* 
tion, and thg set of the current, in the interval between the mo¬ 
ment under consideration, and tlie instant of the last preceding 
observation. 

It is useful, in practice, to have the line expressing the true 
course distinguished in some way from those marking the dead 
reckoning courses: one may be a strong black liptf, the others dot¬ 
ted lines; or when a chart is much covered wim tracks, it is useful 
to use differently coloured lines. It Is sometmu's sati.sfactory to 
join the dead reckoning pkiccs and the true places by arrows, 
and then rub out the whole of the tracks; so that all which i.s es¬ 
sential, as far as currents are concerned, is retained, while all 
that is not, and which might tend to confuse, is removed. 

When one or more days elapse without an observation, the 

dead reckoning track may be carried on till an observation be 

obtained, and tlien the dead reckoning place and the true place 

at that instant being noted, a knowledge of the strength and 

direction of the current during the intcival, is at once afibrded. 

• “ . ... 

On the chart, Plate VIII. which accompanies this notice, tlicrc 

are two tracks of ships off the Cape of Good Hope, which will 
render what has been said quite clear. 

It may be said that there is a fallacy in supposing the 
places, as laid down from chronometers and lunar observations, 
to be the true places: to which I would answer, that although 
it is not strictly the true place, it is generally not far from 
it? fiM all practical purposes it may be so considered, be¬ 
cause OTP^bject is, to ascertain file difference betw^een the true. 


consequ^tly 
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jpath, and the dead reckoning path from day to day ; and it must 
be a very ba^l chronometer that will not give this within an in¬ 
considerable 4\tantity. Thus a chronometer, which might give 
the longitude hUf a degree wrong at tlie end of an Indian voy¬ 
age, would serve v>^ry well to estimate the daily elfect of the 
current off the Cape v/’Good Hope, within half a league of the 
truth. , 

It is clear, that to a ship navigating without a chro^^^meter 
or lunars, the above metliod^is of no avail: even if fre^ent lu¬ 
nar observations be taken, still it is not possible to make the re¬ 
quired comparison from day to day without chances of great 
error; whereas by means of a d rosometer, (pided as it may very 
readily be by lunars), nothing is so simple. 

In this age of science, of general intelligence, an(i of liberali¬ 
ty in every thing connected with mercantile enterprise, it is in¬ 
deed most astonishing, that any ship should ever be permitted 
to set out on any voyage without a chronometer: and own¬ 
ers of ships, independently of the fearful resjxmsibility which 
they incur by Y'C'glecting so important a precaution, may be 
assured that they 'most materially neglect their own interest 
by this species of economy; for the safety of a ship is not only 
greatly lessened, but the voyage is, in nine cases in ten, mate¬ 
rially protracted by the want of this easy and cheap addition to 
her equipment. Not only, therefore, the high obligation which 
they are under, to presers'e, as far as in them lies, the lives of 
jieople embarked in their service,—^but their own obvious pecu¬ 
niary advantage, calls ujion them to despise this paltry saving, 
and never to suffer one of their ships to leave port without 
being provided witli an instrument often of as much value as 
either sails or rudder. 

% 

The class of navigators and ship-owners who, not many 
years ago, held scientific navigation in contempt, is now hap¬ 
pily much reduced. On such persons well established facts 
have more influence than any general reasonings or assertions, 
and I beg leave to call their attention to the following circum¬ 
stances which actually fell under my own observation. 

In May 1815, in his M^esty’s sloop Victor, I arrived off the 
Cape of Good Hope, in company with a fleet of In/lam^^, all 
of which were of course amplj provided A'ith excefibiti* * time¬ 
keepers. The Arnislon, a large ship, and formerly an East 
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Indiap)^S% was also in company. She had been sent with troops 
to the Isltod of Ceylon, and was now returning vith invalids to 
the number ot’ several hundred, together with u^ards of fifty 
women and children. From what circumsi^ce, whether of 
ignorance, or mistaken and most culpabh#^conomy, I do not 
know, this ship was unprovided with a/tme-keeper, and there¬ 
fore,, though commanded by an^'d'vty and intelligent seamen, 
she Av. s not, owing to this single omission, at all in a condition 
to approS^ch this coast, ospodaily such a stormy season, when 
lunar observations were scarcely to be hoped for, and when the 
current vias most violent ai^ irregular. 

It was the daily practice'fo telegraph the longitude to the 
Aniiston, and as long as the licet kept together, no disadvan¬ 
tage wa'. ej^jicnenced by her Iiaving no chronometer. But we 
had scan el j rcailitd the e.isttm edge of the bank of Lagnllas, 
when a violent gale scattered the shijis in vairious directions, 
and the unfortunate Arnl>ton was left to shift for herself. By 
reference to the Victor’s tiack on the chart winch accomjianios 
this notice, Pkitc' VIII., it mil be seen to wh^a variety of cur¬ 
rents we were c'xpos'Hl, from the 18th to the 28th of May; 
in this i.itcr'N.il we hid Tn('r( 0 ^er three heavy g.dcs of wind; 
from winch it will he olnious, th.it by dead reckoning alone, it 
w'as altogether impossible to tell the situation of the ship. In 
fact, on board the Victor, I found, that after making every al¬ 
lowance for cun Lilts, which the c'xjieru'ncc of others on this well 
known ground entitled me to u^e, the dead reckoning was still 
upwirds of 100 imlc's frc/in the truth. But, after all, these oh- 
ser\ ations are a mere guess. 

»7 

Meanwhile, thc‘ (’oinmaiuloi- of the Arniston, after making 
jL'very jiossihle allowance, t■oncci^ed, at the end of ten or twelve 
days, lh.it he must have jia-sed to the zccsixK.nrd of the Cape of 
Good Ho]ic, by a very c< iisideraMc distance, and without hesi¬ 
tation, bore up with a soutli-casterly gale of wind, and steered, 
as he thought, for St Helena. He had not proceeded, how- 
ev'er, many hours, before the land was discovered a-hcad, and 
on each bow ; they were embayed, in short, a hundred milc^ 
eaetof the Cape, and thoughlet go their anchors and 
cut y eir masts, the gale drove them on the coast, and of 

the wh^CTew, soldiers, ivomen,*and children, only four or five 
sailors reached the shoK‘ allvo! 
voi.. 11. xo. 1. Ai‘U]/ 1820 • I 
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In order to prove that this ship was lost for want of a Vme- 
keeper, it is oi|ly necessary to state the following faets^ which 
will be conclusive with ev cry practical navigator. 

By means of ]jo*)d tiine-kecixjrs, I found that his Majesty’s 
sloop \ictor, during the interval above mentioned, was carried 
by the current 186 nrf’es to the westward,* and 72 miles to the 
eastward, making £U\ aggk miles, or 2® 18' of west¬ 

ing more than the dead retkonwig. Now, it would hav 9 been 
a moderate allowance for the ^ect gf the Cape currcrji', under 
all the circumstances of the case, to have supjxised the ship to- 
be set to the westward in eleven days?, at least 220 miles, or 106 
miles more than the shij) was acvially set. . So that after tlie 
Commander of the Aniiston liad made all the usual allowances, he 
v»ould still have esUmated his place wrong by at least 106 miles, 
or 2® 8' of longitude, an error five times greater than the worst 
chronometer I have ever seen in use, would have given in so 
short an interval. It thus becomes certain, that when the Ar- 
niston was, by dead reckoning, after full allowance had been 
made for currens^apparently many miles west of the Ca})e, she*- 
was in fact a very long way cast of it. And the important cir¬ 
cumstance to be borne in mind is, that liad this ship been 
provided with a very ordinary chronometer, costing from 60 to 
100 guineas, she would, according to every principle of navi¬ 
gation, most assuredly not have been shipwrecked. 


Aut. X.11 -^^Iccouni of a itexij ArrangLmnit of the Algcc h//, 
II Cuius l. 

The AJgse or true aquatic plants, imluding the various 
tribes of Fuel, Ulv a, Conlerv a?, and ’'rrcuiella;, form a very beau¬ 
tiful department of the botanical system. Of late years, much 
attention has been bestowed on the investigation of their struc¬ 
ture, physiology, and distnbution; and many curious facts and 
anrangeinents of Nature have thus been brought to light. 

Their systematic arrangensfiMit, which appears to be attended 
wkli many difficulties, has greatly studied bj^natvi^alists 
since the time of Linneeus and Gmelin, but hithertoWl^tisftic- 
tory method has been propiosed. Dr \Yalker, late Professor of 
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NaturalS]^l®jtofy in the University of Edinburgh, who was par¬ 
ticularly attached to the study of this series of pl^s, conceived 
and executed a systematic arrangement of them ij/the year 1771. 
In his metliod, tlie whole are divided into fou^feen genera, and 
the generic characters, which are founded gsiMftly on the fruit, and 
partly on the forms and structure of,species, possess consl^' 
derable merit *. In 1793—179^ Stackhouse published an ar- 
rangcmei'/. of Fuci, in his work enticed N'ercis Britannica; and 
in 1816, iI^a new edition of the same work, the system is ex¬ 
tended, by the addition of numerous new genera. The first 
edition of the Nereis Britanny'a contained curious observations, 
and good figures, of sacral rare species; but in the new edi¬ 
tion, unfortunately, the figures are miserable, and unworthy a 
British artist. The whole family is there divided into thirty- 
five genera; but these do not appear to be constructed on any 
fixed character or scries of characters. This work, therefore, 
although it contains interesting obscrvatioitS, cannot be com¬ 
mended for its systematic arrangement. The iiijjjiustrious Both, 
the celebrated Decandolle, and the enterprising and enthusiastic 
Wahlonberg, have also attempted to form the fuci into genera, 
but unsuccessfully. Lamtmroux, an iiig^iious French natu¬ 
ralist, has lately published an arrangeineiit, in which he uses 
the fructification, and aho various characters di-awn from other 
parts of the plant, or even from any remarkable accessary cir¬ 
cumstance. This method, with all its intrinsic meiits, avc con¬ 
sider as too artificial, and too complicated, and therefore not 
likely to be adopted by botanists. In the )ear 1817, Charles 
A. Agardh, Professor at Lund in Sweden, published a work 
entitled, Synopsis Algarum Scandinavia:, adjecta dispositioiie 
iliiiversali Algarum.” He employs in his generic characters, 
not only the seeds, but also the whole habit of the plant.. In 
this arrangement, the Algte are subdivided into the following 
sections. 1. Fucoide.e, which contains seven genera. 2. Fi.o- 
seven genera. 3. UlvoidejE, nine genera. 4. Con- 
FEiivoiDEx, seventeen genera. 5. Tuemellin.®, five genera. 
Acknowledging as we do the cxcirilence of Agardh as an ob- 

- t V ^ ^ -— 

• of Dr JValker’s arrangyment, wc refer our readera to Neill’s 

lumitious'and mtcrestfag account of the Fuci, tn Uie Edinburgh Enc^vUipmdia. 
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server, we cyinot help feeling, that his system wants fhat cer¬ 
tainty anti diWpnctness which is required in all works ol* this de¬ 
scription. 

But the most %,aentific and satisfactory arrangement of the 
Algaj hitherto propoi<^, is that of H. Christian Lyngbye, author 
^ oi a most valuable w<::^.h^,,in 4to, printed at Copenhagen in 
1819, at the expence of the Kis^ of Denmark, under tlic title of 
“ Tentamen Hydroph'ytologiae Danicaj; cum Tab. aeiy 70.” It 
contains the results of numerous journeys, and of long, patient, 
and cai’eful investigation. The arrangement, which is all that 
interests us at present, is founded^pn the seeds, and on difleren- 
ccs in the form and structure of the plants. The following view 
of the arrangement, with the cliaracler of the Orders (Sectiones) 
and Grenera, wc have no doubt will prove very acceptable to 
our l)otanical readers. 


HYDROrilYTA. 

Ast.FaoNDosa. 
a. Contim/a. 

a . Solida.—Sect. I. Puycoidata. 
a. a. Fronde plana. 

1. Fuevs. Frons pfana dichotoma olivacea. Receptacul.i tcnni- 
nalia, turgida intus mucosa, tuberculin numerosis spha?ricis fibrisque 
intertextis repleUu 

2. Deksseria, Lam. Frons plana membranacca costata rosea. 
Semina nuda frondi immersa, vel tuberculosa globosa innata. (F. 
sanguineus, sinuosus, et alatus.) 

3. Odunthaha, I^yngb. Frons })lana mcmbranacea subccostata 
dentata rubra. Siliquae axillares lanceolata'. (F. dentatus.) 

4 Spoerococcus, Stackli. Frons plana membranacca ecostata ru¬ 
bra. Tubercula globosa ad mai-ginein sessilia. (F. membranifohus, 
^ Brodiaei, palmctta, lacluiatus, ciliatus. Turn.; ctistatus, L., mau^- 
millosus.) 

5. flurntrus. Stack. Frons plana dichotoma vel ramosa rubra. 
Tubercula hemisplnn ica, apicibus frondis innata. (F. crispus, Nor- 
vegicus, rubens, L .; laceratus, Gmel.; Bangii, FI. Dan.) 

6. 7mnna, Draparn. Frons plana orbicularis oppressa. Se¬ 
mina nuda, in lineas transversales concentricas disposita. (F. fun- 
gnlaris, FI. Dan. 420.) 

7. Laminaria, Lam. Frons plana stipitata olivacea, radice fibrosa. 

Semina nuda frondi immersa. a(F. digitatus, bulbosus, saccharinus, 
esculentns, phyllitis, agarum, Thrn.) / A e 

8. Ulva. Frons plana expai^. Semina mida, subsjt fenj^jj^ Wendis 
immersa. (F, pahnatus, L.; eilulis, soboliferua, ' 
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Ulva'"imliliiiekiiS) L.; purpurea, Roth; lactuca, plantiiginea, Roth; 
dichot^a, Huds.; linza, terrestris, Roth.) 5 

h. h. Fronde compressa, ^ 

9 . Desmia. Frons compressa ramosa. Fru^t^s ip;notiis vel fbr- 

san in fibris e fronde prodeuntibus quaercn^^ (F. ligulatiis, acu- * 

leatus.) ^ 

10 . Himanti^talia- Frons compressa,sd^otoma e basi cyathifctp»Tii^ 

erutApens. Tubercula numeros^per totam frondcm sparsa# (F. 
loreus.) / 

11 . ll^lidrys. Frons compressa ramosfti. Reccptacula turgida, 
Intus mti^sa, tuberculis sphaericis repleta, lateralia vel terminalia. 
(F. nodosus, siliquosus.) 

12. Ptiloia. .Frons compressa ramosissima, supra decomposlto. 
Capsulffi quinquefid^E, (F. plyraosus.) 

13. Pl^amum. Frons compressa disticha ramosissima, ramulis 
ultimis pectinato-secundis. Capsulae laterales vel semina nuda 
apici frondi*immersa. (F. coceineus ) 

14. Gchdium. Frons compressa vel angulata ramosa. Tubercula 
globosa terminalia. (F. piuuatifidus, gigartinus, pygmajus. Turn.) 

c. c. Fronde tercti. 


15- Gigartim. Frons ramosissima. Tubercula globosa, ad latera 
ramorura sessilia, externa, vel semina nuda interna. (F. plicatus, 
Orilfithia?, Turn.; confervoides, viridis, lycopqjjftdes, pinastroides, 
purpurascens, subfuseus.) • 

lb. Futcdlana. Frons dicbotoma fastiglata. Tubercula termi¬ 
nalia subulata vel lateraba spongiosa. (F. lunibricalis, rotundus.) 

17. Ckordana. Frons teres. Semina nuda toti frondi iinmersa, 
eamderaque quasi constituentia. (F. scorpiodes, FI, Dan.; flagelU- 
foimis, liivularia multifida, Conferva paradoxica, Roth.) 

18. Thorea. Frons teres, lubrica ramosa, filis articulatis undique 
obsessa. Fructus ignotus. 


/3. Fronde tubiilosa. —Sect. II^oleniata. 

19. Sa/fosiphon. Frons continua membranacea, aeqnalis, simplex 
vel ramosa. Sernina nuda, substantiae frondis innata, solitaria vel 
aggregata. (Ulva soboUfera, FI. Dan.; Batrachospermum hispi- 
dum, Decand.; Conferva ftcniculacca, Huds.; Ulva compressa. Con¬ 
ferva clathrata, Roth ; Ulva fistulosa, Huds.; intestinalis.) 

20. Gastridiim. Frons continua, spbramosa, gelatinosa, interdum 
articulato-contracta. Semina nuda, substantial raraulorum immersa. 
(Ulva filiformis, Huds.; Fucus clavelfosus, kaliformi^^Turn.) 

21. Chorda. Frons simplirassiraa. Semina nuda, in muco fron- 
dcin ambeunte nidulantia. (F. filum.) 

22. Ihyopsis. Frons subpinnata. Granula minutissima in caule 
ramisque fistulosis nidulantia. (Bryojpsis, Ijangbyi, Fl. D.an. l603.) 

23. Vaucheria. Fila capillaria continua plemmque ramosa, massa 
gr.tauloSK intus aspersa. Vesifl^la; externae globosae. (Conferva 

fiigida^ Dillw.; Tremella granulata, Huds.; Conferva 
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24. Fila capillaria continua. Granula ellipti^'cylin- 
drica vel globcpa, intus congi^st^. (Conferva atro-purpurea>,'jDulw.; 
rutilans, llotli i-atro-virens, Dillw. foetida, Dillw.) 

25. Oscillaton,-. Fila continua membranaceo-herbacea, lubrica, 
intus hyalina vdl t*ti*iis transversalibus parallelis densis notate 
(Conferva litnosa, Kbdi ; velutina, Roth ; ochracea, Dillw. fontinalis, 
distorta, Fl. Dan.; nu^iiscula, Dillw.; chthonoplastes, FI. Dan.; 

'•oopfervicola, muralis, dete^^^icans, Dillw.) 

26 . Sciftonvma. Fila contiiiiia.roriacea, intus striis transverstdibus 
annulatis vel moniliformibus notabi (Conferva myochrous, ocel- 
lata^ coincides, Dillw.) '' 

27 . Nodularla. Fda continua simplicia mnjuscnla, i^trinsecuA 
nndulosa. Semina cylindra^eo-ovata, in statu dultiori libera, totuin 
iili tubulum replentia. (Conlerva fluviatilis.) 

h. Frons gcnlmlata. 
u. Teres. 

a . a . Solida.—Sect. III. Steheogonata. 

28. Loincnlaria. Frons teres subgelatinosa articulate contracta, 
ramis oppositis verticillatisque. (F. articulatus, Lightf.) 

29 . Cladostephus. Frons articulate ramosa, setis ad genicula ver- 
ticillatus obsessa. (Conferva verticillata, Lightf.) 

30. Sphacellana. Frons articulate rarnosa disticha. Semina nuda 
.apicibus sphaccla(^ demum dehiscentibiis inclusa; raro capsulae. 
(Ceramium pennarao, Roth; Conferva scoparia, pennate, Dillw.; 
fusca, Huds.) 

31. liutchmsia. Frons articulate ramosa rosea: articuli striis vel 
tubulis pluribus longitudinalibus noteti. Capsulae externae, vel tu- 
bercula apicibus ramulorum innate. (Conferva polymorpha, Bro- 
dieei, Dillw.; bys&oides, fucoides, Huds.; badia, Dillw) 

32. Ceramium. Frons dichotoma ramosa, rosea. Articuli reticu- 
lato-venosi vel subdiaphani. Capsul® ramulis brevibus involucratae. 
(Conferva elongate, Fucus diffusus, Huds.; Conferva rubra, Dillw.; 
diaphana, ciliate, Hudjjj^ 

b. h. Tubulosa.—Sect. IV. Siphonigonata. 

33. CaUithamnim. Frons teres articulate ramosissima rosea: ar¬ 
ticuli uno tubulo latiori longitudinali notate. Capsulae ad latera ra¬ 
mulorum sub-peduncidatae. (Conferva arbuscula, Dillw.; coccinea, 
Huds.; corymbosa, Fng. Bot.; coraUina, rosea, plumula, repens, 
Rothii, Dillw.) 

34. Frons artieulata, membranacea ramosissima fusca. 
Capsul® ovaw siliquaeformes vel racemosae, ad latera ramulorum 
sub-pedunculatae. (Conferva littoralis, siliculosa, Dillw.; tomen- 
tosa, Huds.; chalybea, Roth.) 

35. Bulbochcefe. Fila articulate membranacea ramosissima viridia, 

setis bulbiferis ad summitetes articulorum instructe. Capsidss ses- 
siles laterales. (Conferva setigera, RotJj.) . 

.36. Conferva. Fila articulate membranacea simplicia ^ ramotfa 
viridia. Granula in articulis spassa. (Conf. compacte, 

Btliens, Dillw.; sordida, violacea, Huds.; ericetorum, Roth.; capil- 
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laria, rjvularis, flacca, implexa, Dillw.; fucicola, Veil.; Linum> FI. 
Dan.; kerea., aegagropila, crispata, Uoth; fracta, setliceay gloinerata, 
crystallma^ rupestris, flavescens^ nigricans, Eoth: Wormskioldii, 
FI. Dan.; castanea, Dillw.; velutina, umbrosa, U«f«sus iolrthua) 

37 . H^rodictyotu Fila articuluta membranacea, in formam arti- 
culi connexa, viridia Embryo, matri similii^. m quovis reticulo in- 
vaginatus. (Conf. reticulata.) 

38. Zygnema. Fila articiilata memKi^Iacea simplicia viridia, ,de 
mum per tubulos breves transvt|f«ales conjngata. Semina soiitaria, 
singulis articulis poet copulationem inclusa. (Con£ genufiexa, de- 
cimina, iUiinina, nitida, bipupctata.) * 

V Frons plana.-—Sect. V.^SSmalogonaIa. 

■ 39 . Tiiatomh^ Fila articulata simjjficia crystalliformia, immediaite 
copulata, tandem’^'lMrticu H s " C<» iutis angulo alternatim cohserentibus. 
Conf. flocculosa, FI. Dan.) 

40. Fragilaria. Fila articulata plana fragilla, articulis solutis an¬ 
gulo non dlternatim cohirrentibus. <Conf*. .striata, Eng. Bot.; li- 
neata, Dillw.; pectinalis, Muh.) 

B. Gelatinosa.— Sect, VI. Tremeleoidata. 

41. Balrackosprrmum. Frons gelatinosa, articulata ramosa, mi* 

mulis ad genicuia verticillatis. Capsulm globosa* intra verticillo* 
site. (Conf. gelatinosa, atra, Huds.) ^ 

42. DraparnaUlia. Fron.s gelatinosa articRlata ramosa, ramulis 
fasciculatis penicilliformibus. Granula in articulis sparsa. (Conf, 
chara, Roth; mutabilis.) 

43. Mcso^loiaj, Ag. Frons gelatinosa elongata ramosa, filis e com- 
muni frondis axi exeuntibus ramosis, articulatis, capsuliferis farcta. 

44. CJuetophora, Massa gelatinosa elongata vel globosa, filis m- 
mosis articulatis farcta. (Hivularia endiviaefolia, Roth; elongata, 
pisiformis.) 

4.5. Linckia. Massa gelatinosa elongata vel globoSa, filis simplici- 
bus rectis acuminatis articulatis vel sub-continuis farcta. (Rivularia 
atra, angulosa, dura. Roth.) 

4(). Nostoc^ Massa gelatinosa difformis vel globosa, filis simpUci- 
bus curvatis moniliformibus ffircta. (Tremella Nostoc, verrucosa; 
Ulv.-^ pruniformis, pisiformis.) 

47 . Aicyonidivm, Massa gelatinosa elongata ramosa olivacea, in- 
tas ceilulosa, capsulas solitarias graiutliferus incliulens. (Ulva di»- 
phana, fiavescens, Huds.) 

48. Palmella. Massa gelatinosa subhyalina, granulis solitariis 
globosis farcta. (Batrachospermum my unis, Decand.; Byssus bo- 
tryoides, L.; Tubercularia rasea, Pers.) 

49 . Echinetla, Acliar. Massa subgelatinosa, gi*anulis solitariia 
cuneatis elongatisque farcta. 

We ^annot conclude this short notice, >vithoiit expressing a 
ho|||, tW,t our celebrated a]gi.st Dawson Turner, now that his 
on Fuel i.s finished* will be induced to publish his 
views in regard to I heir aiTangcincnt. 



Art. Method of detemming the Height of Cliffs , 

^ or Mountainh^ by measuring the Depression of the Horizon. 
By William ^coresby, Esq. jwwor, F. R. S. E. Ssc. Com¬ 
municated by the Author. 

i 

The determination of'ithe he%ht of cliffs and mountains, is 
an object of importance and interest to the geolo^st, meteoro¬ 
logist, hydrographer, and land-surveyor: hence, any jjiractical 
mode of performing this (..{\eration in an easier or mo’.e familiar 
manner, either as to the mld^ of observation o* calculation, 
than the methods now in use, may‘jiwi, be unworthy of atten¬ 
tion. 

Trigonometrical operations, and barometrical observations, 
are the principal means at present practised for the mensuration 
of heights. The former can be applied in very few situations, 
without considerable labour, the use of several instruments, and 
the employment of .several assistants; and, after the necessary 
observations are %cadc, a troublesome series of calculations is 
requisite, before the elevation of the situation can be determined. 
The latter, though easy as to the nature of the observations, re¬ 
quires a delicate, portable, and expensive barometer, and the 
use of at least two thermometers, and then docs not afford any 
accurate result, without the application, to the observations, of 
a troublesome formula. 


In the proposed method of measuring heights, the use only 
of a small sextant and an artificial horizon are necessary, with 
which instruments, after observations that may be made in five 
minutes are obtained, the height of the station above the level 
of the sea is found at once, by the simple inspection of a table. 
This method is, however, limited in its application, and is only 
calculated for situations from whence the sea, on the horizon, 
can be seen, and at such times (unless other instrninents are 
used) as the sun, or other heavenly body, appears cither within 
thirty degrees of the zenith, or in azimuth over the sea. 

The necessary operation merely consists in finding the depres¬ 
sion of the horizon from the point whose elevation is d. 
This may be effected, either by mea.suring tl^c angle b^i^vpgdb a 
horizontal plane and the visible horizon by a dip-sector, (m 
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which -^ase the presence of the sun is not necessary), or by find¬ 
ing the true altitude of the sun, or other heavenly body, by 
means of an artificial horizon, and deducting tbit, altitude from, 
the angular distance, corrected for terrestrial refraction, between ^ 
the sun and the visible honzon. The common tables of depression 
seldom going beyond *100 feet of elevation, a table for the mensura- — 
tion bf heights should bo constri^ed, extending to 20,000 or even 
30,000 feet. The semi-diameterof the carj:h, (or 21,000,000 feet), 

3 t the sui^gce of the sea, beiifig to the samc inja^^ed by tlie height 
of the eye\s radius is to the secan^/the depression of the ho¬ 
rizon, this at j^ij^ession, at the altimde of 100 feet, would ap¬ 
pear to be about Tr'2r8r;*ntt 1000 feet, 33^ 30"; at 2000 feet, 
47' 23"; at 3000 feet, 58' O'; at 4<000 feet, 1° 6' 30"; at 5000 
feet, 1“ 14* 20"; at 10,000 feet, 1" 40' 10"; at 20,000 feet, 
2° 30'; at 30,000 feet, 3"3'40'>'; at 40,000 feet, 3° 32'5"; 
and at 50,000 feet, about 3° 57'. 

Hence, if we suppose, lor example, on the top of a clilf, the 
height of which was retpiiicd, that the sun’s true altitude, by an 
aitificial horizon, should be found to be 4^'^ and the altitude 
at the same instant (or the mean of two altitudes, at cc[ual in¬ 
tervals before and after the same instant,) by the horizon, cor¬ 
rected for terrestrial refraction, sliould bo 49” 0' 30", the diffe¬ 
rence, 1 ® 6' 30", would be the depression of the horizon, cor¬ 
responding, as appears above, with an elevation of 4000 feet. 
An error of a minute in the depression, at this ele\ation, would 
be productive of an error only of 40 yards in the altitude; and 
at the height of 20,000 feet, the same mistake in the depression 
would produce an error not exceeding 8G yards. 

This mode of determining heights, is applicable in all situa¬ 
tions where the sea can bo seen on the horizon, however distant, 
and is simplified in every case where the sun apiicars in azimuth 
above the sea, or, if over the land, with an altitude o'f GO'^ or 
upwards; so that, with a common sextant, it can ho brought to 
the horizon on the opposite ride of the zenith. 

The only circumstance, perhaps, that will render the piactice 
of this method in any w ay uncertain, is the variable natuic of the 
teurcstrixl refraction. Whether an allowance in minutes of one- 
tw the distance of the horizon in miles, (the mean effect 

at equal altitudes), combined with the refraction produced by 
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the diminished density of the atmosphere, will afford an accu¬ 
rate correction, a few trials may be necessary to determine. Such 
trials besides shoAving the degree of reliance that might be placed 
on this method of ascertaining elevations, Avould likewise be use¬ 
ful in determining the nature and extent of the changes in the 
-'refractive projxirty of the lower atmosphere,—a subject of most 
essential importance in various trigomniietncal operations. 

Liveupool, SOth November ISlj). 



Aut. XIV .—Account of a Visit malie fe HVf Baths of St Filip¬ 
po in Tuscany^ %mth a Description of the Mode of fotmiTtg- 
Stone McdaUimis in Basso Relievo from the W&ters of the 
Spring, In a Letter from Dr Gosse of Geneva, to Profes¬ 
sor Jameson. 

In compliance with your request, I have great pleasure in 
communicating to'Jrou an account of' a visit I made in the year 
1818 to the baths of San Filippo in Tuscany. I enclose also d 
hasty sketch I made of the surrounding country, and shall sub¬ 
join a few details of the curious manufacture of stone-casts, 
which has for many years been established there. I regret that 
the shortness of my visit renders my account much less com¬ 
plete than I could wish, but, in the absence of better informa¬ 
tion, it may perhaps be acceptable to your readers. 

On the morning of the 21st February 1818, I set out from 
Sienna, and, proceeding through a country consisting mostly of 
blue argillaceous soil, mixed Avith sea-shells disposed in hills of 
slight elevation, I reached, towards evening, the foot of Mount 
Amiata, from which the springs that supply the baths originate. 
As Ave approach the mountain, the features of the country be¬ 
come more rocky, and the mountain itself exhibits the characters 
of an extinct volcano, of which more particular details may be 
found in a descriptive tour made several years ago by Professor 
Santi of Pisa. The height of the mountain is very considera¬ 
ble, and therefore it is seen from a great distance, to the wesf\)f 
the road leading from Sienna to Jlome. Having travemHome 
miles by the side of its base, I reached at ^length the torrent of 
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the Urcia, which descends from it. Over thi^sjjjrrent a b^ge 
Is built; and just above it, rises a small rocky hill to the hijfpit of 
80 or 100 feet, tlie summit of which is flat, and jji^tchcs to- 
vards the mountain. Proceeding a few hundred ^ards along ^ 
this plateau^ in the direction of the mountain, we come to the 
Ttng)u di Vtgnone, which, as medicinal batlis, are scarcely lessee* 
lebrJted than tliose of San Filippo. The -water supplying 
these batlis rises up in tivo or three diffident parts of the middle 
vf a large squa^j** pond: it has the appearanj;^ of water in a statj^ 
of cbullitu'ij^,"^and is raised in succf;..5ive gushes, with a deep 
rushing souna,gn columns of one fvKit in diameter, and to the 
height frequently oi iwb icut above the surface of the pond. Its 
temperature is sufficient to boil eggs, and it is often applied to 
that and similar uses. The buildings for the baths are situate 
to the south, near the exit of the pond, and are well adapted to 
their intended purpose. The patients who resort thither dur¬ 
ing the summer, find accommodation in the small village that in 
part surrounds the pond. This water contains a large portion 
of calcareous matter, which forms considerable depositions in its 
course. In proof of this I may mention, that a small mill, 
erected near the bridge over the Lrcia above mentioned, and 
Morked by the water of the springs, has become entirely en¬ 
crusted with tliis matter, so as to stop the machinery. The 
presence of iron is also manifested in this water, by the deposi¬ 
tions of ochreous matter ; but it seems to be entirely free from 
sulphureous impregnation, wliich remarkably distinguishes it 
from the waters of San Filippo. • 

Night appioaching, and being unable to procure accommoda¬ 
tion at the village, I was obliged tp proceed to the inn •f^La 
Scala, a distance of about four mil^s* 

The next morning I set out for the Bagni di San FUipf^ 
situated at about nine miles distance from the place where I had 
^pent the night. The country through which I walked, as¬ 
sumed a wilder character as I proceeded; the valleys were 
deeper, and the rocks loftier ajid more picturesque. At the 
distance of six miles 1 reached the village of Campiglia, situate 
on decli\fty of the mountain, and surmounted by rocks on 
which stood the CasUe of Campiglia, belonging to the Counts of 
that name. From this spot the road to the baths is continued 
by the side of the Rondinaya, a mountain torrent that rolls its 
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wai''rs along ' narrow valley. Proceeding up this valley for 
about three miles, I came in sight of the Bagni di San 
Filipipo, sl*uated in a large valley opening to the right. The 
ground on which the baths are placed is considerably elevated, 
and to the eye presents a white rounded surface, lying to the 
south-east of the Amiata, the summit of which, from this spot, 
appears at not less than three miles distant. Stretching south 
is a range of mountains connected with the Amiata, and form- 
,j|ng its back'-grojmd-i-^he elevated site of the c^ths is near to a 
mountain called II Zoc^i-t o, at the foot of which ^lows a rivu¬ 
let or small torrent, that fall^mto the Rondinava, near a bridge 
named Ponte Termone. Quitting at this place the liigh road which 
leads to Radicofani, and following the course of the small tor¬ 
rent above mentioned, the bed ol‘ which appears white from the 
deposition of calcareous matter, we arrive at the hill on which 
the baths stand. Its direction is east and west; its height above 
the torrent between 250 and 300 feet; its breadth about 300 
paces; and it.s length a (piarter of a league. It seems to be 
composed, at least, in its upper part, entirely of the white cal¬ 
careous matter afforded by the hot-springs, 'i’he opposite side 
of the rivulet I did not visit. It is covered witli trees, and is 
said to be composed of a yellowish-brown, or greenish coloured 
argillaceous stone, easily acted on by water, and similar to that 
often found in this country in the neighbourhood of extinct vol¬ 
canoes. 

The village of San Filippo is situated on the cobt side of the 
declivity of the hill. The spring which supplies its baths 
is the least abundant, and issues into day immediately behind 
the village, on its northeri. side, to which place it is con¬ 
ducted by subterraneous channels from the western side of 
the hill. The column of water is about 9 inches in diame¬ 
ter, and its temperature rises to about 40° Reaiim. or 122° 
Fahr. It falls into a pond, constructed about twchty yca..j 
ago, where it has since deposited a solid rounded eaVthy mass, 
more than 30 feet thick; from this place it is conducted to 
work a mill belonging to the surrounding villages. A second 
spring lies to the west of the village : it runs diicctly into the 
torrent without bring emplo 3 scd: its tempt'rature exceeds by a 
degree or two that of the former. Ikrides. these two springs, 
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/ tliere is a on the top of the hilh which%i^ foiisaed.^^t*^ 
self a small pond. It is as warm as the otliers, and 
ed to communicate with them. 

When the water of these springs first issues f»<Sm the earth, 
it is Irnipid and transparent, but soon assumes a yellowish peady 
Tih^ has a strong hydrosulphurous smell, and abundant \apours , 
ari^ fitan it. According to Professor Sand, it yields much 
carbonic add gas, when submitted t^ heat, and contains sul¬ 
phate and cM^nate of»lime. Sulphate of magnesia 
sulphur ai '• alk> to be found in tli*i deposiUone, which arc ra¬ 
pidly and abundantly formed by ^lie cooling of the liquid. Not¬ 
withstanding the Ingii temperature of tlicse springs, conftrvw 
grow in ^o\r currents; they have a dark green colour, are of a 
gelatinous* texture, and sometimes covered with a light whidsh 
earthy crust, and with numerous vesicles containing air. When 
dried, they take on a bluish tint, and aftera^ards, by exposure 
to air, become colourless. 

Towards the bottom of the north side of the hill, near, to the 
torrent, is a fourth small spring, named Acqua Santa, the water 
of which differs materially in quality from those above men¬ 
tioned. It is transparent, and affords no deposit; its tempera¬ 
ture is low, and the taste like that of diluted sulphuric acid. 

The soil around these hot springs is formed of matter 4^- 
posited by them: it is more or lesn white or grey, and more ot 
less hard and porous. Its surface, in some parts presentssi^ 
traces of channels, formed by small currents of water, which no 
longer exist. In other parts, particularly near the second 
spring, there are deep fissures in the surface, the consequenci^ 
of an earthquake. One of thc^ fissures i.s 30 feet deep, and 
from 150 to SOO feet long. Itsashape is irregular; its si4es 
perpendicular; in some places it is many feet wide, and in 
others so narrow, os to be easily jumped over. The water ig.it 
>.ltas a whitish colour, is in a state of ebullition, (whence the 
name of II BoUore, by which it is designated), and copious va¬ 
pours of ^am and sulphur arise from it. Other cracks have 
given rise to large cavities, in which the sublimated sulphur is 
.deporited ii<a cry^islpue form, in the same manner sb in the 
Sol%|^a near T*he separation the sidphur was for¬ 

merly a branch of industry, which has lately been abandoned. 
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Ti*^,surfaccs of jiiese fissures are also penetrated by sulphuric 
acid, Vl^ch renclers them sour to the taste. 

Few v^f;^bles grow on this soil. Small shrubs of Buxus 
sem^erviren^*at a few grasses only, are distributed over its 
surface, and the leaves of the Imxus have all a yellowish-brown 
, colour. The northern declivity, particularly in the courbC„t/i 
the rivulet, is thickly covered with vegetables and small trees. 
The soil here iS of a dai;)v colour, the result eitlier of vegetable 
decomposition, or ot^he different nature of the \. 9 fthy substan¬ 
ces that compose tTie lower part of the hill. Viney;ards have 
not succeeded near the village,-oven in transported soil; which 
seems to arise from the baneful emanations diffused through the 
air, rather than from defects in the soil. 

The west end of the hill has a rounded form, and Is separat¬ 
ed from the neighbouring mountain by the small torrent aboi e 
mentioned, the bed of which is filled with calcareous nxiks from 
above. Crossing by a small bridge the rivulet at this part, the 
appearance of the surface is entirely different. Laige ma.sscs 
of the calcareous deposit called Travertino, 20 or SO feet thick, 
presenting sharp edges, and spread in all tbrcctions, indicate the 
existence of an ancient spring at a greater height. In going 
100 yards higher up the mountain, the travertino is found in 
regular layers, which seem at one time to have been joiiu'd ivith 
those of the hill below. At-this part I met with the siliceous 
stalactites discovered by Professor Santi; they have a mamillary 
form, a pearly colour, are shining and scinitranspai'cnt, and 
cover tlie lower surface of the layers of travertino to the thick¬ 
ness of |th of an inch. The travertino of St Filippo is not very 
porous, but hard, and resists tt e destructive action of tim^ and 
weather. It is of a gi-eyish <{j;oIour outside, but when broken 
has a whitish and .somewhat shining appearance. Carlionate of 
lime enters principally as its component, and the presence of 
silica is not to be denied, at least in s<ime parts of its surface, > 
BS appears by what we have already mentioned. It belongs to 
the ancient water deposits of boj; springs in Italy,\which, I 
have observed, seem in general 'to have a different composition* 
from those of receait date, being more -^bnsc, mdic solid and, 
abundant. I:^ some other places^where tr&irertino is foufid, the 
warm spring^ have disappeared, or those which yet exist have 
ceased to deposit earthy matter. 
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This travcrtiuo is similar to tliat found 
eastern side of the mountains, near to 
distant, and to that also in the neighbourhood of Rome, vdrftch 
employed by the Etruscans in the construction op tijifcir build¬ 
ings and sepulchral monuments ; and both iii 3 «<!i«mt and mo- 
'^da«n times has been yery extensively used fjff similar purpo^s 
by tlw Romans. 

Vegetation is very luxuriant among tlie rocks of traver- 
tuio. Ijarge ^esnut trc^s, intermixed with the humbler 
plants, Spreaikmdely up the mountain, and give it a very pic¬ 
turesque appearance. In one of the wildest and most isolated 
pufts, is a place held in great veneration, named the Hermitage 
of St Filippino. It is a retreat or dwelling established beneath 
a large rocl^ of travertino. On the door is inscribed : Questo 
liocho fu dificato da Rluibone ribellato. It derives its name 
from St Filippo, a Florentine, who withdrew from the world 
and hid hinibell' there for three months, to avoid, it is said, 
his election to the Popedom, when Gregory Xth was raised to 
that dignity. » 

The village, named after this humble r«cluse, is small, and 
has a miserable appearance. The houses are ill constructed 
and liadiy kept: the church also is dedicated to, and contains 
many relics of the saint. It belonged from the eighth cei^tury 
to the Abbey of St Salvador del JV^ontamiata; was then taken 
possession of by the Lords of Campiglia; afterwai'ds by the 
Republic of Sienna; and, lastly, was comprised in the Grand- 
dukedom of Tuscany. y 

From the most remote periods, San Filippo has been famed 
for its mineral waters. The nations of Etruria used them, and 
the Romans consti'ucted baths tlwe, as appears by the medals 
occasionally found, and by the renmins of some Ionic columns, 
reticulated walls, &c. These were afterwards destroyed, and 
siijj^quently covered by earthy depositions. In the 14th cen¬ 
tury they were again rebuilt and destroyed \ and at a later pe¬ 
riod', the G^d JDuke Ferdinand having used them witli advan¬ 
tage i|n a jjmlnful chronic affecl||on of the head, this cure has 
be^ transmiji^d to posterity by an inscription^ existing in 
the village, in the follqying words: “ Ferdinandus II. Magnus 
Dux V. dum adversa valetudine'laboraret, thermisN^isce capitis 
languore depulso, berte convaluit: Lmlius Gulielraus, ob resti- 


at tl^B bottom of th 
Chiuri/^ or 15 
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Principis glgi/iam, hoc egregiie mcd^ monumeiituin posteris 
A. J9^. 1635.” At preseat two small rooms are the only 
pJaees m^liich the water is employed in the form of baths, and 
of in stream. The price of the baths is raoiierate, 

and the admhui^ration of the douches does not increase the 
expense- The imaabcr of patients is not so great as atj.Jfel’.e 
Bagni di Vignone, but seems increasing, from the reputation the 
water possesses in rheumatic and cutaneous aftections, and in 
some species of tumours and ulcerg. The w;^er of the warm 
springs is not administered internally ; the Acqn- Santa being 
preferred for tliat purpose, as ;;n excellent solvent in calculous 
diseases. The peasants also use the cavities,' in which the sul¬ 
phur sublimes as vapmr baths, and speak highly of their efii- 
caey. I had no opjwrturiity of witiiessing the application of the 
baths, nor of conversing with any physician about them ; but if I 
may judge by their tcrapcratiire, they must possess the same ad¬ 
vantages as other hot springs in Italy, of wdiich the cflcets have 
been well described,—as those of the Baths of Lucca by Frances- 
clii, and of the Bagni di Pisa by Sand. Their activity must even 
lie increased or modified by the piesence of cailxinic and sulphuric 
acids, of sulplmr, and the eai’tliy salts. Precise observations on 
their influence arc therefore very desirable, and might give 
rise lo some new views on the subject of baths, now so much in¬ 
vestigated. ^ 

San Filipjio is not only intcresdnj^in a geological and medi¬ 
cal view; it deserves to be visited by mtists on account of a ma- 
nufactoiy of nu'dallions im basso rclieA'o, which is there carried 
on. It having been observed that bodies exposed to a current 
of the spring soon became Veacrusted with a hard and white 
stony layt'i*, it occurred firstj*o a Mr Vegni to employ this jiro- 
perty of the spring to multiply impressions of medals, by esta¬ 
blishing a manulaetory lor the purpose. In this cntci-prize he 
Was encouraged by the Grand Duiv.e Leopold, the brother^ t nd 
at that period the imitator, of the immortal Emperor Joseph II. 
who virited tlie place, and gave^every aid to M. \ ^ni. Some 

after, an enp*aver in wood] M. Pagliari, a native of Genoa, 
visldiig SaaijlB'ilippo on his return firom Romej^where he Jiad 
been educated, was engaged to remsan to superintend tlie 
establishmtdt. He succeeded‘so well, that M. Vegni, at his 
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death,-Idlfc him Iris pTOp^yiu SllMi coj^ 

tinued to reside for rorty years^ ihd though noi^ sevetit|ifi^ur 
years of age, and ratich defcmed, he is still very an^f^ and 
has contributed to benefit the village, not only by his manufao« 
tory, but by the establishment of the public inUh^nd tlie mmii« 
of the bathsi Under the FrenchfGovernment this 
mandfacJtory flourished; it is now in decay. I am indebted to 
M. Pagliari for the following details of bis process, which he 
communicated the greatest liberality, to which I listened 
with the greatSfw interest and pleasure, and which I saw put in 
execution near his habitation. 

As the water of *the spring contains earthy substances of dif¬ 
ferent qualities, some of which do not become very compact 
when consolidated, the first step is to separate these by simple 
precipitation and crystallization. With this view, tlia water is 
conducted from its source in small superficial canals, in the 
course of which are three pits, between 3 and 3 feet square, 
placed at the distance of 5 feet from each other. During its 
progre.ss, the excess of carbonic acid, combined with the earUiy 
matter, cscajies, and a portion of carbonate iftid large crystals of 
sulphate of lime are deposited in the pits. Thus freed from its 
grosser parts, the water is conveyed by a tube to the summit of 
a small chamber, from which it fa/Is freely through a space of 
10 or 12 feet upon a frame-work of^ood of a pyramidal form, 
about feet high by 1 foot in diameter. Within the frame 
are disposed horizontally three scries ^ flat cross sticks, placed 
about 9 inches below each olher; e&ca series is made to cross in a 
direction different from the one aliove it, and the crossed pieces 
increase in number and size as thc^ydescend. By this arrange* 
ment, the falling current is neceslarily broken and dispersed 
with rapidity around the chamben The moulds from which 
the casts are to be taken, are formed either of plaster of. Paris, 
sulphur, or, what is better, of glass. If the parts of the dae rel^f 
to be copied are not very prominent, the mould is formed of one 
piece; but^there are great inequalities, it is then formed of 
two or more pieces. The m^ul^ are rubbed lightly over 
wit^ a aolutioj^ of soap, .and are attached by iron wires to nar- 
rdw pieces of board, which are disposed almost perpendicularly 
round the frame wood, at tlie (Stance of 2 or'S^feet. In 
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^i|^po 0 iti(Hi ^i^Feceive m .aqua|}le a »4 csontinued dadb of v 
ter,’''Si? form ^ an artifidjal rain, di^rin^ which, the dejxjsitioir 
takes and the water rapidly escapes,—conditions all of 

which are n^essary to obtain a solid arid semitransparent cast 
lik®*/ marble, ^ reduction of temperature in tlie chamber is al¬ 
so inquired to favbsjjr the depositiort, but a current of cold a^io^ 
not admitted,, both because it would preTcnt the equable distri¬ 
bution of Uie water, and render the cast itself brittle. The 
chamber, tlierefore, has openings oijly in its u^er part, to per¬ 
mit the rapid escape of the contained vapours, ^^he moulds are 
thus left exposed to the action of the water, from ten or twelve 
days to two or three months, according to the size and thick¬ 
er inequalities of the cast. A cast of 2 or S inches 


ness. 


dianteter, req.uires a thickness of at least 2 or 3 Ijines; one of 
6 inches, 4 linesof 1 foot, 8 lines. The casts are easily de¬ 
tached from the moulds, their edges clipped, and their front 
surface rubbed first with a subtile powder and water, and then 
polished with a paste composed of soap and calcined sheep 
bones. They acquire thus a smooth shining appearance, and 
their semitransparAicy is improved, wlule the back surface or 
rtrverae remains dull and rough. 


By an ingenious variation of tlie process, the artist is able to 
fiirm casts of diflerently cofpured marbles, presenting thus a 
white figure in relitfoTi a 4^J*ker ground, and vice vers&. This 
is done by covering the plain parts of the mould with a thiii 
paste, so that the deposition shall be made only into the sunk 
parts. When these parts(^ai’e filled, the paste is detached, and 
the whole exposed to a water previously coloured, by dissolving 
a colouring substance in last of the three pits. In diis 
manner, while the raised p^trts have the ordinary colour, those 
of the groimd exhibit that ISf the colouring matter employed. 
liletalBc colours are preferred to vegetable, and oxides of iron, 
m particular, give their appropriate colours, witlmut impi^ng 
the solidity of the stone- 

Lastly, Impressions of cngjliravings may bp ^nsferred to 
stones thus artificially pi*^ar^.t. The subject is m^t engraved 
on a metalHc {^ate, and a Iktle printer^ ink pa^jed over, so as 
to c(^ur lightly the furrows^ T^ plate is exposed to the 
action oCr^e water in tlje ‘manner alr^dy described, and 
when the cast is removed, the engraving” is represented by black 
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prominent lines, on n^^n whke grotiiad, Tliwse black proi^ 
nent lines are then s^ptfmted by a thi^ and sm&p km^ the 
cast is next warmed, and pmter's ink rubbed ovejyit, when 
the colouring matter is seen to adhere only to ^e parts that 
have been scratched, and the drawing oi| the Jiione corresponds* 
eK«^tly to the engraving on the plate, /this process may 
perhaps furnish some hints for the improvement of artificial 
stone-engraving. 

Notwithstani^g the hardness of tliese casts when tried by a 
knife, they b^k without difficulty when a strong pressure is 
applied unequally to their surface, which may be accounted for 
from the fibres of the stone being short, parallel, and perpendi¬ 
cular to the surface, as in some species of sulphate of lime. 


I subjoin a list of the prices of the casts sold by M. Pagli- 
ari at the place of manufacture: 

Cast of 1 inch, 1 paolo. Cast of 6 inches, 9 paoli. 




5 


n 

8 

6 


7 

9 

1 f. 6 


10 

20 

30 


A paolo — 4d. English money. 

After having thus passed some hours with M. Pagliari, and, 
from the hill immediately opp^te to the village, taken tl^e 
sketch of his habitation, as given in I’late IX., I jmrsued 
my journey, in despite of wind aii^ain, across the foot of the 
mountain. In this route, I had tly misfortune to experience 
the fragility of the casts of San lilippo, having, by a fall, 
broken all the specimens I had tdken away with me. I soon 
passed the torrent of the Rondinj^ya, and came again into the 
road of Rodicofani, which be^ns||herc to ascend, and continues 
so for three miles. In ascendingi I observed the sides of tlie 
road Qovered with detached aqgralated blocks of basaltic stone, 
whiili increased in size and number, and were intermixed with 
small pieces of a light hard porous lava, of a reddish-brown or 
blackish colour. They announced the near neighbourhood of 
the crateriw the ancient volcano of, Radicofani, known under 
the name oi La Badia, and tluqvi^h which passed the Via Bo- 
undfifii the remains of 'vdiioh are still visible. The country here 
presents marks of dreadful deuastaUon; the crater and its sur¬ 
rounding parts being.filled and covered with enormous blocks, 
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a^vrith the If^a ejected by the eruptio|i. Badtoofani is a 
smaJfik^rable village or borgo near thU^lace, and surmount¬ 
ed by a ^ned citadel, built on elevated basaltic rocks. 

As I knovjv^hat this volcanic district has lately been virited 
by an able mintts^ogist of Geneva, 1 hope to be able to send 
you a more particuh’J account of it, if you shall deem it wor^' 
of your atteuticHi. 

Edinboegh, , 1 
10th February 1820. j « 


Akt. XV .—Jn Account of several Shock's of Earthquakes 
and other Renmrieable PhcTiomenn, which occurred in SmUh 
Carolina prevents to the Destruction of Lagulra and Carac- 
caSy and ilee Eruption of the Soufriere, By Mr Taett. 
Communicated by the Author. 


There is not, I Iwlieve, any well attested account of an 
cartliquake having occurred in South Carolina, from the period 
of its discovery to <thc yeai* 1811 ; and as there are none of 
those volcamc appearances and remains in its vicinity, that usu¬ 
ally indicate the immediate seats of such phenomena, it is rear, 
sonable to conclude, that earthquakes of 1811 and 1812, 
were merely vibrations attejaOaiit upon the more alarming con¬ 
vulsions, by which the dqi>truction of Laguira and Caraccas, 
and die eruption of the Sokfriere, were produced. 

The former, it will be recollected,^ occasioned the loss of from 
fifteen to twenty thousand lives; and the trembling of* the 
earth's surfat'.e that took plane in different directions about the 
same time, was probably mdre extensive tlian any previously 
upon record. i ^ 

1 was then in Carolina: and os it appears that the only assis¬ 
tance we can contribute to science, during our ignorance olMhe 
precise causes of these sublime efforts of Nature, is by correctly 
detailing the facts attending thej^y 1 have been induced to col¬ 
lect the following memoranda, ji \v 

The close of the year 1811 was accompanied, ^ tlie climates 
I speak of, by some of the most awful phenomena to which our 
system is liable. We may pasS over the appearance of the co¬ 
met and an eclipse of the sun as merely coincident, and witness- 
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cd in common with countries, ih additiqn to < 

island where I thenfresaded was completely deluged, the 
10th September, by one of those inundations of sea that oc¬ 
casionally occur in tropical climates a|x)ut the ti^e of the au¬ 
tumnal equinox; and, excepting •& space considerably less than 
'*a ijtiarter of a the waters of the Atl^tic and the Main¬ 
land, materially beyond our reach, were the only objects upon 
which tlie eye could rest. This had ^-arcely subsided, when 
the city of<»Cha*^feston, (whither wo were about to remove), was 
visited by a’^rnado, more dreadful in its extent and effects 
than any in the memory of the oldest inhabitants. The wind, 
which had been for some days light and variable, shifted on the 
8th to the north-east, and blowing very fresh through the night, 
it continued in the same quarter all the day and night of the 
9th. During the whole of this time, there was an almost unin¬ 
terrupted fall of rain; and on the morning of the 10th, the 
wind blew witli increased violence. About 10 o’clock, it shift¬ 
ed to tlie south-east, and soon after 12 it suddenly became 
calm. A heavy rumbling noise, resembling the sound of a car¬ 
riage rapidly driven over a pavement, was'then heard; and a 
tornado, extending about one hundred yards in width, passed 
like lightning through a considerable section of the city, in¬ 
volving alike the habitations andl^e inhabitants in instant de¬ 
struction. Proceeding up the har&^ur, the first object it struck 
was the flag-staff of one of the for®, of more than ordinary* 
thickness and strength, which was slapped in a moment; and, 
with the same ease, houses of consu^rable size were not merely 
unroofed or injured, but completely overtlirown like the play¬ 
things of an infant. Large beams bf wood, and masses of lead 
and irrin, were carried for severak hundred yards, and nearly 
buried In the walls of other bulldogs: yet, so confined was its 
oper^on to a particular current of air, that corners and parts 
of houses were taken off, as if divided by some mechanical in¬ 
strument, and the remainder ^ the buildings left uninjured. 
About twe^ lives were lost; \ne of them under very remark- 
aWe circumstances. A lady w‘|s repoillg with her sister on a 
be4 in an jj^rper apar^nent, when the tornado reached the 
house. The noise so alantted a negro girl in waiting, tJiat she 
sought for refuge under the bed upon wliich her inistress was 
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A stack of chiinnies was stAi'(Sk/With such tremendous 
violeiiK'^ that, falling on the ro(jf^ it fijrcid its ^v^^y through the 
house to the ground, precipitating the floors along with it. The 
bed fell witK^iem; the ladies escaped without injury; but 
the negro girl b^ath it was crushed to pieces. 

In another instMco, a young female \^hd*W'as attending 15er 
dying mother, was carrictl by the hurricane from the room in 
which she sat, and dashed against a building at a very considera¬ 
ble distance. ■ .S. . . 

In the interval between this calamity and the concussions of 
the earth, (the first of which occurred on the 16th of Decem¬ 
ber), various meteors and balls of fire, of different sizes and ap¬ 
pearances, were observed. One of them, of a magnitude calcu¬ 
lated to excite alarm, was seen by spectators who wetc an hun¬ 
dred miles asunder, about S o’clock on the evening of the 21st 
, November, moving with great rapidity in a south-west direction. 
It illuminated the ground and the surface of the waters, as if a 
torch of burning matter had been passing over them, and was 
conjectured, though it must have been vaguely, to have been 
about ten or fifteen feet in diameter. The season was unusual¬ 
ly wann. Large apples, the jiroduce of second crops, were 
seen in November; and on sc/era! plantations there were second 
crops of rice, which had not Recurred for forty years. It may 
also be remarked, that thc^ was considerably less thunder du¬ 
ring the year 1811 than usjial; the number of days, which com¬ 
monly averages 60, having only amounted to 88. 

On the morning of the 6th of December, about 5 minutes 
before 3, the first shock was felt. It awoke me from my sleep; 
and was said to have been pr|;ccded by the usual rattling noise, 
llcing unapprehensive of such an event, my first impress on was 
that the bouse was falling, Und the cracking of its tjrabers 
strengthened me in this impression. Proceeding down Itmrs, 
however, and the noise having subsided, I began to be doubtful 
how far I might be under the if Juence of some Rental delu¬ 
sion; and, returning ^ my bel*, I found it still rt/iking from 
the effect of a second shock which took place abou^ 3 o’clock. 
And a third and fourth, at 3 minutes bel^irc and iJl'iinnutes pa^t 
8 o’clock, left me perfectly sa|isfied as to the cause of what 
had occurred. 
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From this time tl the 11th of F^rnary, fourteca distir^' 
shocks were felt, of |vhk:h the most violent were tlie ftjlloiir- 


ing: j • 

On the 16tli Dec, 1811« at 2.55*A. M, its duradon 9, min. 


Same day, 

^ ITth Dcc.» 


7,5^ A. M. ' 80 sec, 

0.50 r,M. / 20 sec. 


23d Jan. 1812, 9.1.5 A. M. IJ min. 

1th Feb. 3.53 A. M, ,7 min. 

, . 10.57 P. M. 2 min. 

The motion was generally from east to west, I>ut it was not uni¬ 
form. In December it appeared to be undulating; in January 
violent and irregular; and in February it seemed similar to a 
sudden jerking to and fro of the earth’s surface. Bet^veon the 
concussions^ a tremor of the earth was frequently perceptible, 
and light pendulous bodies were then in a state of almost con¬ 
stant vibration. The motion, during the severer shocks, was 
sufficiently violent to break the glasses of pictures hanging 
against the ^yalI, and the pavements in several of the streets 
were cracked. Many persons also found it difficult to preserve 
themselves from falling. 

The sky %vas generally, though not uniformly, dark an4 
hazy, sometimes tinged with red, yind the shocks were precedea 
and accompanied by severe cold^lmd frequent fogs, of a density 
unusual to the climate at the seasem and times when they o<S- 
enrred. Tlie shock of the 7th February was attended by a* 
noise like distant thunder; and duriw the night, the sea on the 
bar, about eight miles distant, ivas l^oard to roar unusually loud. 
The shock of the following evening was accompanied by a 
sound like the rushing of a violent wind, and with several 
fla.sbes pf very sharp lightning. 

Tha thermometer at 8 o’clock pn die evening of the 15th of 
Deccfnlier was 52’, and the Varmneter 39“ 45^ The morning 
of the first earthquake (the 16tli), the barometer continued the 
Same, but the mercury in tbk thermometer had sunk to 46“. 
The last ojKthese awful visitations was a slight tremor, which 
was felt nn the day following khc destruction of Laguira and 
^m-accas; afl?! they ptj^sed away without a single instance of 
personal injury or destruction property : hut, unaccustomed 
as the inhabitants had been to any thing of a similar nature, 
their consternation an^ alarm were very consitlci-able. A procla- 
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^i^ation was issued by die governor^ attpointing the 11th of 
March as a day of humiliation, religious j^cflection, and prayer; 
and a tone o:^ seriousness and pious feeling was for a long time 
perceptible, where it had previously seldom existed. 

The earthqthfti^cs in Venezuela have now become matter of 
history, and have^jtely licen ably detailed in die PhilosoplycaT 
Journal; but as the accounts of eye witnesses to such calamities 
are always possessed of interest, I may be allowed to conclude 
the present paper by the following .extracts fr^m le^ors written 
from Laguira at tlie time ; ^ 

On the 25th of March, at 4 o’clock P. M. there was a very 
severe shock of an earthquake, which destroyed nearly the 
whole of the city of Caraccas, and all the town of Laguira, 
with the neighbouring \’illages. About 10,000 ^oplo were 
buried in the ruins; 2500 in Laguira. Four shocks were 
heard and felt on tlie night following, but not heavy enough to 
do any damage. On the 27th ult. the people tliat were liying 
were employed in dig^ng the dead from under the ruins, put¬ 
ting them in lighters, carrying them outside the shipping, and 
burying them in the sea. On the 28th the sea was so rough 
as to prevent their taking them off. They then built a large 
€re near the wharf, and commenced burning them, and burnt 
about forty at a time. On t^r'29tli the stench had become so 
had, they left off dig^ng a^y more dead from under the ruins, 
.and all the surviving in^iabitaiits pitched their tents on tlic 
plains. On the 4th of Ap'^il there was a very heavy shock, that 
made the vessels tremble as if tliey had been on a reef of rocks; 
and from the Indejjcndence we could see the mountains move 
like a ship in a heavy sea, aiid large pieces rolling off them. . 

“ Not a house is left standing that any one w^ould vei^ture to 
remain in for a single hour, ninc-tentlis of the town a','e level 
with the ground. It is sliockmg ^ see, at the close of tha^day, 
heads, arms and logs that have remained unburnt, as the fire dies 
away, and the stench is intolcrj^ilc; and as no day has passed 
without a shock, we are waiting in fear and tremlh.^g to know 
w’hcn it will be entirely over, or the effect of the ncs^t will he.” 

This scene of misery commenced on^tiic 25th >>f!,March; 
on Uie 26th of the following month, the eruption of the Soufrie^p 
took placc^ - 

Livekpool, Jnuunn ^ 51 1820 
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Art. XVI,— -iccowii of the Mine or Quarry (f^Coruivhm in 

Smgrmda. By Francis Hamilton, M.D. F.R.S & F.A.S. 

liond. Sc Edin. Communicated^ by the Autlioil 

The principal Quarry of Corundum perhaps in India, is in 
the territory of the Slngraula Raja, about eight miles south 
from Sahapur, where that chief usually resides, and about 120 
miles fro^Mej^apur, on the Imnk of "the Ganges. In the 
Vainy season 1814, I went to the latter place in hopes of be¬ 
ing able to visit the quarry; but several untoward circum¬ 
stances prevented me, and I was under the necessity of con¬ 
tenting myself with such an account as I could procure from 
the traders, who had visited the place to purcliase the com¬ 
modity. 

I was told by them, that the quarry is on a low ridge, cover¬ 
ed with small fragments of the corundum, or horund, as it is 
called in the Hindwi dialect. By removing these fragments to 
a very little depth, larger masses are found; and such are usu¬ 
ally selected, as are from the size of the fis^ to that of die head. 
Many larger masses arc found; and when there is a deficiency 
of small pieces, these larger ones are split by ladling a fire on 
and round thciii. To judge ligm the appearances of the pieces 
brought to Merzapur, the larg^ masses seem to consist of a 
number of smaller ones, somewhat ipunded at the angles either 
by friction or by a partial decomposition, and afterwards con- 
glutinated by an earthy substance, containing a g(H)d deal of 
mica; for it would not seem that 4he fire rends asunder the en¬ 
tire stone, it seems only to separate the nodules, by rending the 
substaace which had conglutinatcd them, part of which I Ibund 
adhering to their surfaces. 

Soxkc of the traders assertej^,^at the whole ridge consists of 
korund; while odiers allegctf, linat the korund is only scattered 
on the surface or at small depths, and that the mass of the ridge 
consists of p. stone similar to’^hat which is used for building at 
Merzapuj^f that is, of the sandstone considered by some of the 
best mineralq^sts as nearly alHefl to quartz-rock, if it be at all dif¬ 
ferent from*this substa’/:;e. All the traders agree, that the whole 
rocks which they have seen between Merzapur and the quarry, 
are of this saiidstone; and it no doubt forms part of the gi’eat 
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chain of quartz-rock, which I have mcntiJlied in giving an ac¬ 
count of a diamond mine in the First Nt^ber of tliis Journal. 
We may herj; so far trust the report of the traders as to be¬ 
lieve, that the greater portion of the rocks by the way consists of 
tliis sandstone or quartz-rock« although it is probable, that, in 
such an immense iiilfiss, many beds or veins of a different nature^ 
are contained, which naturally enough escaped the notice of the 
traders, none of them being in demand. 

Among the masses of korund brought to ]VBferzap^;e, I found 
some pieces of white quartz brought by mistake ;'and many of 
the masses of korund, when broken, shew that in their sub¬ 
stance arc imbedded pieces of green talc and of micaceous iron- 
ore, besides the particles of mica that are Interposed between the 
masses. "Whether or not, however, the quantity of quartz, talc, 
and mica, that are intermixed, is so considerable that the masses 
should be considered as portions of an aggregate rock, it is im¬ 
possible to say, without visiting the place, as of course the tra¬ 
ders select the masses that are most free from intermixture. 
The quantity brought to Merzapur for sale is pretty considerable, 
as this town supplici^ all the provinces towards the east. The 
vicinity of the qparry is inhabited by persons of the rude tribe 
called Kol, to whom the traders carry a little salt, cloth, and 
various trifles, and from wh^Vx^they receive chiefly iron and 
this korund. For the latter,‘‘they seem merely to pve a small 
^allowance to the Kol, who Inclp them to dig and break as much 
as will load their oxen. T«e Raja seems to make no claim. 

'rhe korund from this Quarry assumes a variety of appear¬ 
ances ; but, although I looked over great quantities, I perceiv¬ 
ed no crystals, nor did the traders recollect having seen any in 
that form. The generic marks of corundum seem to hi great 
hardness and great specific gt^avity. Tlie native artificers dis¬ 
tinguish. that of this quarry i^d 4;ifferent kinds, as suitfed for 
diffe' ^nt purposes i some serves to clean small arms, some to 
grind cutting instruments, and sope to polish stones ; but I did 
not Icam the marks by ivhich artificers distingljish the dif¬ 
ferent kinds; although, it is sai^., that they can distin^'ftish them 
at sight. Some of the specimens which^I brougfu^^^ora thence, 
l)y my mineralogical acquaintances at Edinburgh were called 
Corundunic others Emery, and others Fibrolite; while others 
alleged, tliat all these names belong in fact to one substance: 
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nor is there any to suppose, that the three kinds thus ’ 

distingukhed by the mineralogists, correspond dit all 

with the three kinds acknowledged by the Indian artificers 
i have, however, little doubt, that«a proper examination of nu-^ 
merous specimens would enable a judicious mineralo^st to di* 
vide corundum into several species, posscsscsl of peculiar quali> 
tievS to suit each for some useful purpose, and not founded on 
hypothetical conjectures respecting their Ibrmation, or trifling 
yariations^feppjarance, which are only worthy of notice, so far 
as they may enable us to distinguish the substance from others 
of a different nature, and the various useful species from each 
other. 


Aut. XVII.— Account ^ Rocks formed liy Hot-Springs^ Tor¬ 
rents of Hot Water^ bursting of Subterranean Lakes, Air- 
Volcmioes, and Cold-Springs. By Professor Jameson *. 

1. Rocks formed from the Water of Hot-Springs. 

IVTaNV of the more observing and intetligent of the inhabi¬ 
tants of Iceland behove, that certain rocks in their country have 
l)cen formed by deposition from tl^c water of hot-springs. This 
opinion, which at first sight*^||pears very improbable, was 
adopted by the travellers Olafsen and Povelsen, who ^verc 
several years occupied in examining ■j.he natural history of that* 
remarkable island, and wJio describe .whole mountains as having 
been I'ormcd by hot-springs. And, very lately, M. Mengo, as 
stated in the last Number of our Journal, returned from 
Iceland fully convinced, that very' extensive Ibrmations of ther- 
mal o'oc'ks extend ihrongbout that extraordinary country. As we 
consider this fact one of great ^*ok>gical imjiortancc, we shall 
now lay before our readers account of the olwervations of 
Olafsen and Povelsen and M^e, and accompany it with occa¬ 
sional remarks. f 

In the Jlorgarfiord district, ) in southern Iceland, there is a 
striking a^d’lo^l^ mountain nasped Baula, of a white colour, 
and. of a ra^Jfer irregi^r structure. Nearly the whole mass, 
fVom its base to it^ summit, as ^determined by numerous natu- 

Read before the Werntnan Natuial Ili&tory Society, 12th Fcbiuary 1820. 
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ral perpendicular eectionsy *is composed^of a rock described 
by Olafsen dnd Povclsen under the ** Samm topha- 

ceum cJhldtm columnar^ ^ve hmaUiform^ and which tliey 
say is named ^ by the Icdanders Baula-stone, because it occurs 
only or principally in this mountain. It is either massive, 
or disposed in columns, having three, four, five, six, seven, 
eight or nine sides, and of a middling degree of hardness. Ex¬ 
ternally it is pale red ; internally it is whitish, and feels dry and 
sharp, and is lighter than true basalt. It ADes»«wi effervesce 
with acids. They further remark, that it resembles other co¬ 
lumnar rocks in form, but differs from them in colour, feel and 
weight; but agrees in so many characters with deposites found 
around hot-springs, that they consider the whole mountain as a 
ihernud formation^ which was at first soft, and ia the state of 
bole, but was afterwards hardened by the influence of internal 
heat. These travellers found a rock of tlie same description on 
the summits of the highest mountains in Iceland, principally in 
tlie Westfiorden. A second thermal rock is described under 
the title, “ Saxum conentum topJiaceum stratosum^ ctdore puJU 
Zido,” and which is named by tlie Icelanders Hverhella. It 
is generally of a white colour, is more or less vesicular, some< 
rimes inclines to vitreous, apd possesses considerable hardness. 
It often occurs in large bed^-cJhich are eitlier horizontal or ir¬ 
regularly disposed, wliere hm-fiprings are in a state of activity, 
<*<»• in places where hot-spifngs formerly existed, but have long 
riince ceased to play. Connected with botli these rocks, there is 
a vitreous or glassy looking substance, of the nature of obsidian, 
but very different from the volcanic mineral of that name,—the 
<Mie being a product of hot-springs, while the other is perfectly 
melted volcanic glass. A tliird thermal rock is particularly no¬ 
ticed by Olafsen and Povelsftn, under the name Saaium £o~ 
pjiactum hrunnto^aUnjdum phytofiihisque r^pletum^ 

It is of a brown colour, vericii^i^r, but not to tlie same degree 
as the preceding kind. It contains portions of vegetables more 
or less completely silicified. It( is found in the viciqity of hot- 
springs, and in many districts lyhere hot-springs formerly 
in activity. A fourth thermal rock is yarned iophcL- 

levm similiquatum nigricans thermarum.'^ This curious rock 
is of a black* colour, and in hand specimens very much resem- 
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bleg earthy slag. It ^ formed by^the boUsprings of Leyra% 
and also by the watera|i>f many other hot-springs iA Iceland. 

Besides these mineral productions of hot-springs, the Danish 
naturalists enumerate the following, ai^hich are of a Iboser texture:^ 

1. Bolus violacea. This violet-coloured bole or clay effer- 
ve^es with acids, and is found in great quantity around active , 
hot-springs, and in extensive districts where such springs for¬ 
merly existed. , 

• 2. Bolih'Wi>erAarum ccerulca. This blue bole contains inw 
bedded crystals and grains of iron-pyrites, occasionally sulphur, 
and has a sourish taste. Some of the eminences formed of it are 
still hot, so that if we dig three or four feet deep into the bole, 
the heat is so great that we cannot hold our hand in it. Whole 
hills are formed of this bole, which, in such cases, is frequently 
disposed in strata. 

3. Bolus brunnea. Tripoli of Iceland. This rock is hard, 
and sharp to the feel, and has many of the characters of Tripo¬ 
li. It ap])ears to be a thermal bole or clay, impregnated with 
silica. The water of hot springs flowing over such a rock, 
might give rise to veins and masses of ^arl-sintcr, hyalite, 
opal and obsidian. 

Such are the observations of Oltifsen and Povelsen, which ap¬ 
pear to shew the formation of*Columnar and massive rocks by 
hot-s|>ring8, and also of obsidian, hyalite, pearl-sinter and opal. 

Dr Henderson, in his Travels in Iceland, alludes to the formal 
tlon of rocks by hot-springs; but Sir G. Mackenzie, in his work, 
docs not refer any of the nxiks he met with in Southern 
Iceland to the thermal class. Menge, an active naturalist, was 
aware of the interesting and important nature of these thermal 
formations. He observed thermal rocks having many of the 
characters of basalt, porphyry, v]*acke, amygdaloid, tufla and 
obsidian. These he met witft*ij|f districts where formerly hot- 
springs occurred; and observe|^hem still forming around many 
of the magnificent hot-springi at present in a state of activity. 
These thermal trap-rocks, viz. basalt, wacke, amygdaloid with 
calcareou#^^i||4r, .porphyry, Sic. ase brought from the interior of the 
eajith, by tW^ater of l^bt-springs, partly in a state of solution, 
partly in a state of, mud, and {ire deposited over flat or hilly 
tracts of country, when they gradually harden, sometimes cry- 
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stalUse, and assume their vOi-ious permanent cliaracters. The 
am/^daloida^ trips appear to be formed iif. those cases where car¬ 
bonate of lime is present; the obsidian where dissolved silica pre¬ 
vails ; and in'the same general way we might account for the for¬ 
mation of the other rocks. In die collection of Islandic Mine¬ 
rals presented to tl>c Museum of our Uniyersity by Sir George 
Mackenzie, there are specimens of a few of these thermal 
rocks; but the series not being complete, we cannot frmn it 
draw up an accurate statement of, the charicteT^g^j? liich they 
exhibit in hand specimens, far less point out in a satisfactory 
manner, those general features that characterise them as a mem¬ 
ber in the grand series of mountain rocks. Menge has promis¬ 
ed to transmit a set of these remarkable rocks, which will afford 
us an opportunity, in some future number of oiu; Journal, to 
make our readers more particularly acquainted with them. 

In other parts of the world, where hot-springs have flow’od, 
or still continue in activity, similar formations, we have no 
doubt, will be met with. The breccias and tuffas in the tra¬ 
chyte district in Hungary, and which contain opal and opaliscd 
wood, appear to bO formations of hot-springs. Probably even 
some of the trachytes have been formed in a similar way. The 
same remark applies to somp rocks found in Auvergne. But 
besides these trap and porpli^^^y rocks, hot-springs also throw 
out and form rocks of a calcareous nature. The hot-springs of 
'f Carlsbad in Bohemia are of this description, and the well know n 
hot-springs of San Filippo in Tuscany, have formed a hill of 
calcareous tuffa, in many places as compact and hard as lime¬ 
stone *. The famous roctaj named travertino by the Italians, 
and which abounds in South-western Italy, is a product partly 
of hot, partly of cold springs. The ancient temples, and the 
gorgeous palaces and churcli^s of Rome, and indeed the whole 
of the streets and squares of *Vht:former Mistress of the World, 
are built of concretionary masl^^''< which have been deposited by 
springs. V 

There are many considerable bot-.springs around Guancaveli- 
ca in South America, the vyaters of which over the 

neighbouring country, and deposit u|]|^n it,an SSh-^ey or Mihit- 

> \ 

• In oiy' piesent number, we have inserted an inlciesting account of the 
spring of St t.hppo, by oui acute and learned friend Dr Gosse of Geneva. 
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ish substance, sinter said travertine ?), which ac¬ 

quires a great degree ol* hardness. Thef^ring-wa^r is so highly 
impregnated with the earthy matter, that the inhabitants receive 
it in square boxes or moulds, which.it fills in a lew'days, and tlic 
blocks, thus formed, are used for building. Indeed the greater 
part of Guancavelica^ like Rome, is built of the concretionary 
rock formed from springs *. 



There are on record authentic instances of torrents of hot 
water flowing from the crater or the sides of volcanoes, when in 
a state of activity, which, when collected in hollows, or spread 
over plains, deposites various earthy matters, wdiicli at length 
assume the character of rocks. In the yeai* 1751, a torrent of 
salt water burst from JEtna, and continued to flow for a quarter 
of an hour, and was so oonsidcrable that the inhabitants named 
it Nih cCAc^ua. Doloniieu and Hamilton observed traces ol‘ a 
frightful torrent of hot water which had issued f rom the great 
crater of jEtna ; and Spallanzani is of opinion, that part of the 
tuffas of Italy have been formed by muddy eruptions. In 
those volcanic mountains whose summits are above the snow 
line, as is the case in Iceland iw\d in South America, gi’eat floods 
of hot water, charged with eartliy matter, burst from the nioun^ 
tains and devastate the surrounding country, Rouguer anj 
Condamine saw dreadful ravages committed by these torrents; 
and the latter writer informs us, that aft^ an explosion of Coto¬ 
paxi, a village situated tliirty leagues in a straight line, and pro¬ 
bably sixty leagues following the wavings of the ground, was en¬ 
tirely carried away by one of those torrents. These torrents fronr 
the ice-caped volcanoes, appear to be entirely external, w'hile those 
first mentioned seem to comej.firo^n the interior of the volcanoes. 

* Aiasaes of siliceous matter, prob^iy the formation of hot-spnngs, have bee 
found, inclosing foreign bodies of dinerent kinds. Of this description aie th< 
masses of siliceous matter inclosing coihs, described by autbois, and winch hav 
been held as^abtt|ou8. The following is ag instance of tHIb fact. In the year 1B12 
a mass of flinty ,fi(^ter, twelve; inches long, was dug up in France, in the intcrio 
of i^ich there were seveml codis, the most ancient of which were of the sixteen! 
century. (Journal dai Altnes, p. 23.) tVtgetables nie also occasionally founi 
included in a siliceous basis of an opaline or chalcedonic nature, * and of thei 
Daubenton and othcis have*givcn paiticulai dcsci iptions. 
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8. JRgcksformtdhy Torrents of Mud Jlotmng from Subterra¬ 
nean Lakes, ^ 

In the interior of volcanic^ mountains, there sometimes occur 
caverns or hollows partly filled ^'ith water, thus forming subterra¬ 
nean lakes. The earthquakes that often agitate these mountains, 
are occasionally so violent, as to produce great rents, which give 
free passage to the water of the lakes, which bursts forth with 
tremendous violence, deluges the qeighbourittg ^cvitKry,' and 
covers it to a greater or less extent, and with a more or less deep 
cnist of muddy matter. In the earthquake of the year 174G, 
which overturned Lima, four volcanoes oj)encd at Lucanas and 
in the mountains of Conception, and occasioned frightfut de¬ 
luges. The volcanoes of the kingdom of Quito sometimes ex¬ 
hibit phenomena of the same kind, but accompanied with cir¬ 
cumstances so extraordinary, that w^e shall now state tliem. 
The enormous volcanic cones of Cotopaxi, Pichincha, Tun- 
gouragua, &c. in South America, never throw out lava, but 
trcquently ashes, scoria*, and pumice, and sometimes vomit 
forth immense quap titles of water and mud. These eruptions 
take place more frequently fnjm the sides than from the craters 
of the volcanoes, and the muddy waters appear to be derived 
from lakes situated in tlie interifts.of the mountains, which burst 
forth with incredible fury, when any accidental cause, such as 
, 9 .n earthquake, splits, and thus opens the side of the mountain. 
In the year 1698, the mountain of Carguarazo, near to Chim- 
boraco, fell down and covered eight square leagues of country 
with mud. In the earthqt, ake of the 4th Februaiy 1791, 
40,000 persons were destroyed by eruptions of water and mud, 
(moya). Muddy waters, resembling those which flow from 
volcanic mountains, are vomited forth in great quantity, from 
districts, where no volcanic ro^SM^fscur, when these are agitated 
by earthquakes or other causes.\,. J.n Peru and Quito, the deva¬ 
stations occasioned by volcanoeli arc not caused streams o/* 
lava, but by water and enormom streams of mud. This sub¬ 
stance, which at first has only the consistence of b<yadl{, but soon 
hardens on exposure, is named Moya. ^ It presOStt^two remark¬ 
able phenomena, viz. an intermixture “ of inflammable matter 
and of fishes. The inflammable matter is so abundant that the 
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inhabitants of the d^tnets use it in place of fuel. The nioya 
which was tlirown out after the terrible earthquake of 1,797, 
and winch inundated the country of Pelilco, and \3estroyed the 
village of that name, was remarkable for its abundance of in—• 
flammable matter. Very ol'ten these streams of mud from th^ 
interior of the mountains, bring along wth them fishes about 
four inches in length, named by Humboldt Pimolides Cydopum, 
and the quantity is sometimes so considerable, that their putic- 
faction OQ.rasions^discases in the country^ Humboldt remarks, 
that they are of the same species as occur in the rivulets of the 
neighbouring country, and appear to find their way into the 
subterranean lakes by means of fissures in the rock.s. This 
mud or moya, so remarkably distinguished by its inflammable 
ingredient and imbedded fishes, is further interesting, by its con¬ 
taining tiaccs of glassy felspar, and iiubedded portions of a fibrous 
substance somewhat resembling pumice. It is probable that it 
is an altered porphyry; and we are of opinion, that tvlien com¬ 
pletely indurated, it will exhibit characters of the same general 
nature with those observed in some jiorphyries, said to be of 
volcanic and igneous origin. ^ 

4 RoclkS jormed hy Air or Mud Volcanoes. 

In .some countries, jets or grea* bubbles of water, highly im¬ 
pregnated with mineral matter' are throivn out of the cartli by 
means of gas. The earthy matter is deposited in the state of 
mud, principally aiound the moutlis of the cones from whence*' 
it is expelled ; and as these cones somewhat lesemble ^olcanoe 3 
in fonn, they have been named Air-volcanocs. One of the most 
remarkable of these air-volcanoes ^iitherto described, is that of 
Macalouba in Sicily, of which an account has been p'lbli.shed by 
Holomieu. It consists of a hillock of hardened mud, about one 
hundred and fifty feet in height. Its superior part forms a 
plain more than half a mile ik;4’)^ cimifercnce, and using from it 
are numerous small cones not than three feet in height, each 
of which has a crater or hollovv' filled more or k'ss deeply^ with a 
liquid mud, which is in a state of perpetual agitation, owing to 
the consta#it passage of great bjibblcs of air through it. Por- 
lioias of the jmitd are coirftantly thrown out, and thus add to the 
bulk and height of the cones. 

VOL. ir. NO. 4. AimiL 1820. 
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This air-vokano is usually m the state {ve have just described 
it, but not aljvays, for it is occasionally very much agitated, and 
exhibits pheiiomena of a more striking^ and extensive nature. 
When this is the case, loud internal noises are heard, and these 
are accoiupani(;d with sharp shocks of earthquakes, which are 
felt to a distance of two dt three nules, and these noises and 
earthquakes continiic more or less for several days, and do not 
cease until an eruption takes place of an enormon^ jet of clay, 
earth, and stones, which are tlu’own into the ^ir tbe^lieight of 
two or three hundred feet. The explosions are repeated two or 
three times in the space of twenty-four hours. There are years 
when no eruption take.s place. The Ibllowing is an account of 
one of these eruptions as given by an eye-witness. A dull noise 
was heard ; the earth in tlie neighbourhood was much agitated, 
and large rents opened. There arose from tlie centre of the 
plain, a bubble of diluted clay, sixty feel in diameter, which gra¬ 
dually incretiscd in magnitude, and attained the enormous ele¬ 
vation of two hundred and thiity fcet. Tins extraordinary 
and striking spectacle continued for half an hour; was re peated 
three times, with an interval between eacli of a c[uai‘ter of an 
hour; and, during its continuance, a stormy noise, like that 
of the sea agitated by a tiunpcst, was heard to proceed from 
below. The author of this account seized the first moment to 
approach the point from whence the explosion jirocceded ; he 
plunged Ills arm into a place where tlie ebullition was still vi¬ 
sible, but did not feel any increase of temperature; on the con¬ 
trary, the mud felt cold. 

There are many small mud-volcanocs in the neighbourhood of 
Modena, whose height is n^t more than a ftwv leet. They are 
named Sahes, on account of the saltness oi‘ the watci- they throw 
out; and which, indeed, is also the case with the water of Maca- 
louba, and of that of most other muddy eruptions observed in dif¬ 
ferent countries. ITiese volcanoes, during their paroxysms, 
which are attended with slight 4f'itation9i^ the earth, throw out 
much mud, which extends to the distance of three thousand 
feet. The gas winch occasions the eruptions, is sulpliuretted 
hydrogen mixed with petrokuni, and a httl^ caruonic acid. 
Similar air-volcanoes are described Yy Pallas «s occuiaing 
in the Crimea, particularly in the Island of Taman. In the 
yeai- 1791s one of these burst with a noise like that of thunder, 
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and flame and smoke rushed from it to the height of more than 
three hundred feet. G^eat masses of dried mud w^rc projected 
iVom it to great distances, and it vomited forth currents of a hu 
tuminous mud or slhne, to the amount of one hundred thousand • 
cubic fathoms. Humboldt describes air-volcanoes whuh he 
saw'in the middle of an elevated plain, in the province of Car- 
thagena m South America. There were twenty small cones, 
having an elevation of from twenty-one tp twenty-seven feet in 
height, and fVvm^d of bluiali coloured clay. Their summits 
were hollow or cratcr-hke, fllled with watei, from the surface of 
which air arose, and burst with an explosion, and tiften threw 
out mud. In the Island of Trinidad and also in Java, there 
arc considerable air or mud volcanoes. 

S. Rocks formed from CoId-Spthip>s. 

Many cold or common perennial springs dirow out great 
quantities of earthy matter, principally calcareous, and thus 
give ri.se to cxten-sive depositions of calcareous tufla and sinter. 
Inde})endent of the thick incrustation formed on the surfaces 
of cragg.s and cliff's, and rents of rocks, by^the water of such 
springs, and of which we have a tine cxanqilc at Starlyburn in 
Tifeshii e, we find that when the water flows into hollows and 
forms lakes, that then vciy thi(^{ and exteii.sive calcareous for¬ 
mations take place. Thus in Thuringia there are very exteii¬ 
.sive lake-dejiosites of calcai'eous tuff'a and sinter. In some dis¬ 
tricts in that part of Germany, the tulfa rc.sts upon gravel, or on 
some of the solid .strata of the (ountry, and foi ms beds some¬ 
times fifty leet thick, and which are ((imposed of alternate 
strata of compact and friable tuff'a, with occasional thin beds of 
bituminous matter. It is m tliis calcareous forination, that the 
•remains of' fossil elephants, rhinoeeri, &c. ai'c' found in diff'e- 
rent parts of Germany. It is an important fact, as connected 
with these fossil animal remain'., tfiat the tuffa in which they 
are eiivelloped, contaii}j|.iresh-wwer shells, analogous to those at 
present met w'ith in the country where the tuff occurs, hut no 
sea-shells, which proves that these elephants, ihinoceri, K-c. 
could not h^e been brought from* a distance, but must have 
hvgd*and dic(^ in the spot^wdierc they are at pre.scnt found. 

• An account of the mud voUanocs in Tunidad, Dr Feign&qn, will be 
found m the Ldtn. Tians. VoI.*IX., p. O'C, now m the uicis. 


316 Mr G al braith on a Table for cor’^cting the SurCs Altitude^ 

Some of t)ic newer secondary rocks may have been formed 
from the watfer of cold-springs alone, col|ected into hollows, and 
thus forming lakes; or from hot-springs in the same circum- 
'stances; or from both conjoined. The newer secondary, niort* 
properly tertiary, formations of limestone, marl, opal, quartz, 
&c. may have been formed in this way. ' 

General Results. 


From the preceding rapid sketch it appear^, 

1. That the water of springs and of volcanoes forms rocks of 
various descriptions, some of which nearly resemble those of the 
volcanic class, while others have a strong resemblance to the foi- 
mations of the secondary class. 

2. That as these springs and volcanoes arc very generally 
distiibuted over the earth, it follows that the rocks ubo\e de¬ 
scribed, may occur in very considerable abundance, and form 
striking and extensive features in the physiognomy of some 
tracts of country. 

3. That many of these rocks, from tlieir close resemblance to 
volcanic pnxluctions, may have been confouiidt*d witli them. 

4. That the following rocks and simple minerals have been, 
and are still forming by the agency of springs, and the water of 
volcanoes: 


1. Rocks resembling Trap and Volcanic Roths —^Basalt, 
Wacke, Amygdaloid, Tuffa, Porphyry, Greenstone, Ob¬ 
sidian, and various clays aiul boles, 

2. Rocks resembling Flat::: or Secondary Roths —Traverti¬ 
ne, (’alcareous-tulfa Calcarcou.s-smter, and IM^rl. 

3. Simple Minerals. —Pearl-sinter, and probably also Pre¬ 
cious Opal, Common Opal, and Jaspers of various do- 
senplioiis. 


_— - 1 - i., - 

Art. XVIII.— Description Use Table for Correcting 

the observed Altitvdc of the Sun's Lower Limb. By Mr W. 
Galbkaitii. In a Letter to Dr Brewster. 

_ 4 V 

Having seen a very neat and commodious Talsle of Propor¬ 
tional Logarithms in tlie last Number of ..the Edinburgh Philo- 
.sophtciil Journal, I conjectured that you meant to convey to the 
public, through that medium, useful tables, Avheu they fall in 



Mr Galbraith on a TaJM,for correcting thcSwCs AUiiuik. 817 

your way. In consequence of this, I have been tempted to 
offer you the following^small table, intended to facilitate the*iiie- 
thod of correcting tlic observed altitude of tlic sun’s lower limb 
by the fore observation at sea. It.contains the pant effect dT* 
the sun’s semi-diamcter, dip of the horizon, refraction, and pa- 
ralkix, and is always to be added to the observed altitude, to 
find the true In tlic computation of the table, the sun’s semi- 
diameter is taken at IG'; and its variation from this quan¬ 
tity, lor ‘feachrf iinfntli in thp year, is given at the bottom of 
the table, which must be added to, or subtracted fioni, the 
coirection found in the table, which may be done at sight, 
according as the sign is + or —. It may be remarked, too, 
that the table tloes not extend to altitudes lower than 
the lowest altitude at which observations can be taken to be 
depended on for their accuracy. This renders all the iium- 
ber.s additive^ except the small table of corrections for the varia¬ 
tion of the sun’s semi-diamcter, whicli may, m most cases, un¬ 
less a dip-sector is used, be neglected; since, according to the 
accurate observations with this instrument by the ingenious 
Captain Basil Hall, much greater errors, arising from the va¬ 
riable state of the horizontal refraction, when this instrument is 
not used, arc unavoidable. 

% 

J-XAMPLli. 

The observed altitude ol‘ the sun’s hnver limb by the foie ol>- 
servation, is 48° 4G', and height of the eye SO feet, m the month*' 
of November; required the true altitude of tlic sun’s centre ? 

1. By this Table. y 2. By the usual Tables. 

Sun’s obSf alt. lower limb, 48° 4G' ' - - 48° 46' 0 

Correction to 49°, 20 ieet, Scmi-diameter, -f 16 12 

and November, +11 I^ip, - — 4 26 

. llefraction, — 50 

True alt. 48 157 Parallax, + 6 

\ / . 

True alt. as before, 48 57 2 

Hence the simplicity of our method is evident, while it ob¬ 
viously possesses, all the ^requisite accuracy, since it never can 
de^fato mor?tIian one 05 two tenths of a minute from the truth, 
and i^ therefore fully sufficient loff all purposes at sea. 

Edinburgh, Feb. 1820. 
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Art. Results Coptaln Ivateu’.s Expeiinuvtti Jhr 

(h'ta mining the Length the Remhdum, at the prhuipm " 
StatUyns qf‘the Ti'igrmomctrical^^^urvcy. * 

Our readers arc no doul>t well acquaintetl with the beautiful 
*netliod of measuring the length of the pendulum which w'a« 
inventeJjtby Cajtain Henry Kater, and which he so success¬ 
fully employed in determining the length of the seconds’ pen¬ 
dulum in the latitude of Ijondon. The sujifrionty of this me¬ 
thod, and the consistency of the results which it yielded, fxiint- 
edf^out Captain Kater as the fittest person to extend the experi¬ 
ments to different {joints of' the meridian ; and m jiursuance of 
the resolution of the House of Commons of the 15th March 1816, 
the Royal Society of London requested this active astronomer 
to ascertain the length of the seconds’ pendulum at Unst, Port¬ 
soy, Leith Fort, Clifton, Arbury Hill, and Shanklin Farm, the 
principal stations of the Trigonometrical Survey. Arduous as 
tills undertaking w'as, Ca{)tain Kater did not^hesitate to quit his 
family and his scientific pursuits, and devote himself, with his 
usual ardour, to an enquiry in wliich tlie scientific character of 
his country w-^as so much concoicncd. The wise liberality of the 
Rritish Government furnished him with all the requisite instru¬ 
ments, and every facility which such an undertaking required 
and he left London on the 24th June 1818, accompanied with 
Lieutenant Franks, with the view of beginning his operations at 
Unst in Orkney, the ino'.t northerly,station of the survey. He 
arrived at Leith on the 28th June, and reached Unst on the 
Jth July, in the Nimrod, commanded by Captain Dalhng. Af- 
er finishing his observations in the Orkneys, he arrived at Port¬ 
soy on the 1st August; at Edii^burgh on the 28lh of August; 
at Clifton on tlie 28th September ; at Arbury Hill on the 15th 
)ctobcr; and at Shanklin Farm, m the Isle of Wight, about 
he 10th of May 1819, where he completed llie senes of lalxi- 
ious operations wdiich he had undertaken. The following are 
lie results f)f thc;;pe operations, as given by Captain Kater him- 
^eU hi the PITilosophical Transactions for 1819, Part III. 
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* " UcsiiUs of the Operations. 

“ It nowremams to give in ono view, flie results of the operar- 
hons that have been detailecl. Tiiesc are comprised in the fol¬ 
lowing table. It would have been desirable to have expressed 
the length of the pendulum vibrating seconds, in parts of the 
scale vhich forms the basis of the Trigonometrical Survey t)f 
Great Ilritain, the Commissioners of Weights and Measures 
having agreed to recommend that^ the “ stdad^j,rd ui cd in the 
'J^rigonometneal Survey of Givat Britain should be considered as 
affording the most authentic deteimmation of the linear measure 
of* the United Kingdom.” But as experiments are yet wanting 
to enable me to do this with suflicient accuraty, I have given 
tlie length of the pendulum in parts of Sir George Shuclcburgh’s 
standard scale, the correction for the difference between Mhich, 
and the national standard of linear measure, may be readily ap¬ 
plied iKTcafter. 

The length of the pendulum vibrating seconds m the latitude 
of London, is stated in the Phil. Ttam for 1818, to be 39,13860 
inches. But I have here to notice a very important omission, 
which I am obliged to Mr Tronghton I'or having pointed out in 
the first nui'nber of the Edinburgh Philosophical Journal. It 
may be seen, that in computing the specific gravity of the pen¬ 
dulum, I have neglected to include the deal ends. Anxious to 
, supply this omission in tJie most unexceptionable manner, I 
thought it best to take the specific gravity of the whole pendu¬ 
lum, and for this purpose requested Mr Barton, Comjitroller of 
his Majesty's Mint, to allifw me the use of the fine balance 
lately constructed under his directions, a request with which he 
most obligingly complied, and favoured me with his assistance, 
and with every reipiisite for making the experiment. 

A deal trough was prepare^, seven feet long, nine inches 
wide, and the same depth. The, pendulum was slung horizon¬ 
tally from the scale ])an, hyaline iron wire. The weight of 
tlie wliolc was carefully determined in air, and found to be 
66*901 grains. The trougli which had been previously placed 
beneath the peiiduhiin, was 'then fiHed with,,distihed water, 
and tlie w^eight of water displaced was thund to be '9066 grains. 
T1 le small portion of iron wnv which was immersed m the wa- 
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ter was carefully notctl; the weight of the tv ire by which the 
jTenduIura was suspended, "was 56 grains, and tlic weight (d’ water 
equal in bulk to that part of the wire whlcli was lunnerhcd was 
2,5 grains. The temperatuure of jlie water was 68”, and ihtEt ' 
of the atmosphere 62" ; the baron\ctcr 29,9 inches Hence we 
haVc the weight of the pendulum 66858,8 grains in vacuo, at 
tlie temperature of 62" ; the weight t)f an equal bulk ol‘ water 
at tlie same temperature, 906*8,4 grains; and the resulting spe¬ 
cific gi'avnty of tlm pendakun, 7,3727. 

Employing this specific gravity in computing the allowance 
for the mean buoyancy of the atrnospheri', we obtain ,00624 for 
this correction instead of ,00545, the former erroneous conclu¬ 
sion. Besitles this, the allowance -f ,00031 for the height of 
the penduliiwi above the level of the sea, should, according to 
Dr Young’s investigation, have been multiplied by luaking 
-f ,00021 of an inch These corrections being applied, we 
have 39,13929 inches of Sir G. Shuckburgh’s standard scale, 
for the length of the pendulum vibrating seconds in the latitude 
of London. 

Wishing to compare with tliis, the resuk, which would have 
been obtainetl by means of the weight*"' and specific gravities of 
the different parts of the pendulum, I carefully measured the 
deal ends, and found them toYontain 8,956 cubic inches. The 
weight of the knife edges^w as 370 grains, and their specific gra¬ 
vity 7,84. ^ 

With these data, and taking the specific gravity of deal at 
0,49; the sjiecific gi'avity of the whole pendulum will be found 
to vary from the more accurate determination above given, a 
quantity which wmiild have occasioned a difference in the length 
of the seconds pendulum of only j;, of an inch. 


Place of Observa- 
vatiun. 

Latitude. ^ 

Vibrations in 
■1 mean solar 
day. 

Length of the Pendulum 
vibrating seconds in 
parts of Sir George 
Shuckburgh’s scale. 


00r45.28l01 

8C096,!)0 

Inthes. 

39,1711.6 

Portbov,. - 

57.40.5tt,6.5 

86086,05 

09,161.59 

Leith Fort, - , 

5.5..5H.iO,ttO 

• 80079,10 

09,155.5 4 

‘iMiiton, «- - 

53.27.4.3,12 

86068,90 

09,15600 

Arburv Hill, - 

52.1«. 5.5,.32 

86065,05 

39,11250 

I.cmdon, - - 

•51.31. 8,40 

, 86061,52 

39,13929 

Shanklin Faim, 

50.37.23,0 4 

86058,07 

39,1361-4 

• 
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Uy comparing the observations of each statical siiccessivelj 
with tlujse at all the others, Captain Kater obtained the results 
in the following Table, containing the dmiinution of gravity, 
\hd the resulting c<)nij)rcssion deduced, in a way wliich is fully 
explained in the paper itself.-^Sce Phil. Trans. 1819., p. 420. 


Namet. of the Stations. 


[diminution of gr.i- 
\ ity from the Pole 
to the Equator. 

Compression. 

Onst and Portsoy, 

- 

• 

h 

,0053639 

", 

304,3 

Leith Fort, 

m 


,0054840 

1 

Clifton, 

- 

- 

,0050340 

315,8 

1 

.33i,'5 

1 

' 310,3 

Arbury Hill, 

- 

- 

,0054282 

London, 

• 


,0055510 

1 

Dunnosc, 

- 

- 

,0055262 

3~22,7 

1 

32();r 

Portsoy and Leith Fort, 

- 

- 

,0056.020 

1 

^«8,d 

Clitton, 

•• 


,0058194 

1 

Arbury Hill, 

- 

- 

,0054620 

353,2 

1 

313,7' 

London, 

- 

" 4 

, ,0056382 

1 

332,7) 

Dunnosc, 


• 

-0055020 

1 

Leith Fort and Clifton, 


- 

,0059033 

326,9 

1 

364,0 

Arbury Hill, 


- 

,0053615 

1 

' 364 ^" 

London, 

. 

7 

,0056186 

1 

Dtinnose, 



,0055614 

329,li 

1 

3iV 

Clifton and Arbury Hill, 

- 

- 

,0042956 

1 

22976 

London, 


\ 

, ,0052590 

1 

Dunnosc, 

- 

- 

,0052616 

294,9 

1 

295,1 

Arbury Hill and London, 

- 

- 

,0069767 

1 

>9775 

Dunnosc, 

- 


,o5g0212 

1 

London and Dunnosc, 

— < 

- 

- 

,005g83r 

I 

297,0 
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From the experiments given in the former part of this Re¬ 
port, It appears probable, that if the uncertainty which tnust 
exist in tlie allo\vance%r the height aliove the level ol' the sea 
be excejited, the error m the number of vibrations of the peft- 
duJimi, at any particular station, does not amount to so much as 
one-tenth of a vibration, i\hich is nearly ecjuivalent to 
part ot“ the length of* the smaids pendulum. To this degree of 
accuracy consequently may gravitation be determined by the 
.apparatiTs I Ivivif employed,; and in jiassing tliroiigh a country 
<omfK)scd of materials of various densities, the pendulum may 
he exjK'cted to indicate such variation with ^ery considerable 
precisiom 

The diminution of ^gravity from the Pole to the Equator is 
deiivcd frc'AU the decrease which is observed to take place be- 
tw'cen any two given latitudes; consequently, if no irregular at¬ 
traction occurrod, the results, computed from diflerent portions of 
the meridian, should be the same. Rut it may be seen in the 
preceding table, that the number expressing the diminution of 
gravity, from the ob.scrvations at Unst and Portsoy, is less than 
that deduced fmm the arc between lTiist,and I^eitb, and that 
tills number goes on increasing to Clifti Ti, dimimslics at Arbury 
Til 11, and inci’cases again at London. It may also be remarked, 
that the diminution of gravity, derived from Unst and Dun- 
nose, is less tlian that deduced from Poitsoy and Dunnose; 
from all which it seems probable, that m advancing south- 
ivard, gravity decreases nmre than it ought to do from thc*ory; 
that there exists an assemblage of materials of greater density 
llian common in the vicirnly of Portsoy, and that the density of 
tlie strata to the southward bcH-oines less and less until we arrive 
at (Clifton, where it seems to be t-onaderably in defect. 

At Arbury Hill, a sudden increase of gravitation is jiorcepti- 
ble, and at the short distance ffi London, thi.s additional force is 
no longer sensible. From its intensity, and the limited sphere of 
its action, it might perhaps be inlerred that the disturbing ma¬ 
terial is of considerable density, and not very distant from the 
surface. 

^It must be e\'ident, that nothing very decisive respecting the 
general ellipticity of tli6 Meridian can be deduced from the pre¬ 
sent experiments. ’ For this purpose, it is requisite that the cx- 
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trcnic stations should comprise an arc of sufficient length to ren¬ 
der .he effect of irregular attr.action insensible; and this effect 
might be diminihhed, if not wholly previ'nted, by selecting sta- 
~~lions of similar geological character, and which should differ as 
little as possible in elevation above the level of the sea. 

If, howe\er, some deduction be made for the superior densi¬ 
ty which It has been rcmajfked exists at Portsoy, the compres- 
fcion deduced from that station and Unst, may perhaps be 
considered as not far dfstant from the truth, blith being situated 
on rocks of a similar nature ; Unst consisting chiefly of‘ serjien- 
line, and Portsoy of serpentine, slate, and granite; and as - jj 
the ellipticity given by the experiments at Unst and Arbuiy 
IIilJ, is nearly the same as that resulting from Unst and Port¬ 
soy, it would be no improbable conjecture that the sudden in¬ 
crease of gravitation observed at Arbury Plill, may be occasion¬ 
ed by a rock of* primitive formation, approaching the surface of 
the earth in the vicinity of tliat station *. 

These facts appear sufficient to explain the anomalies which 
have been remarked in the Trigonometrical Sur\ey of Great 
Britain. For if tlm disturbing force in the neighbourhood of 
Arbury Hill, were supposed to be situated to the north of that 
station, the plumb line would be attracted northward, the ob¬ 
served latitude would be less than the true, and the length of 
tlic degree deduced from the arc between Durmose and Arbury 
would lie in cxcc.ss, and that derived Iroin the arc between Clif¬ 
ton and Arbury m defect. This last error will be augmented, 
if wesupjiose the attraction of the matter near Arbury Hill to 
be felt at Clifton, and the plumb line at that station to be drawn 
ttmards the south. 

M. Biot, by a comparison of his numerous experiments at 
Unst with those made at Formentara and Dunkirk, in conjunc¬ 
tion with M. Arago, obtains for the resulting compression. 
But if the allowance for the elevation of Formentarg above the 
level of Uie sea, be coiTectcd in tlie manner suggested by Dr 
Young, the ellipticity should be about The details of 

• Since the above was. written, I fin J the conj|ctnre I have hazdiijcd remark¬ 
ably supported liy fact; for on consulting Smith's Geological Map vjr Kngland, it 
ai>pcaia that Mount Sorrel, a maba of gianite, is situated, together uith othqr 
rucks of pnmitivi: foimauoii, nboul 30 inifcs to the noith of Aibmy Hill. 
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M. Biot's experiments Jiave not yet been published; but it af¬ 
fords me much gratification to learn, that the acceleration of the 
pendulum between ftondon and Unst, computed by M. Biot, 
from his observations at Unst and jhose at Formentara, u^g’ 
for the compression, diners‘only 0*56 from the result of 
iny experiments ; a difference which may probably be referred 
to the superior density of Unst, compared with that of the sub¬ 
strata of Loudon.” 


Art. XX .—the IJiscovety of Potash in Sea Water. In a 
Letter from Dr Wollaston to Dr Marcet *. 

HFN*Dr IMarcet was beginning the chemical part of his 
researches respecting the specific gravity and tcinjicrature of sea 
waters. Dr Wollaston suggested to him the probability that 
traces of jiotash might be found in them* In order to examine 
this point, Dr Marcet supplied him w'ith various specimens of 
sea water , and in the following note. Dr Wollaston communi¬ 
cated to him the results of his e.xaminationt 

“ The expectation which I expressed to you, that potash 
would be found in sea-water, as an ingredient brought down by 
rivers from the decay of lan3 plants, is now fully confirmed by 
experiments on waters i»l)tainod from situations so remote from 
each other, as to establish its universality. « 

“ There is no dillleulty m pnnlng the presence of this ingre¬ 
dient by muriate of platina. For though tlie trijile muriate of 
platina and jKitash is so soluble that this reagent causes no pre¬ 
cipitate fVoni sea-water in its ordinary state, yet when the water 
ha.s been reduced by cvajioration to alxiut part, so that tlie 
common salt is beginning to separate by crystallization, the mu¬ 
riate of platina then causes if'copioiis precipitate. 

“ If this precipitate be mixed with a little sugar and heated, 
the platina is reduced, and nuu'iatc of jxitash may be separated 
from it by water, and the nature of its base shown by its yield- 
ing cryitals of nitrate of j)otasl\. with nitric acid. 

^ "■> ' I ■ . — . . - 

• Fiom Di Marcet’s pafter “ On the Specific Gravity and TcmjK'iaturc of Sca- 
Walers,” in tho PhtL Trann. 1819, i>. ^00. 
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“ I evaporated a pint of the water which you sent top (mark¬ 
ed No. 9. specific gravity 1026.22), taken up by Captain Ross 
in Baffin’s Bay, fioin the deptfi of 80 fathWis, latitude 36" 32', 
'“^tigitude 76" 46' west. When this had been reiluced to about 
g^jjth part, I drained the hqaor from the salt tliat had form¬ 
ed, which I also washed with a httle water, and, by adding 
muriate of platma to the drained liquors, I had a yellow preci¬ 
pitate which weighed 12.4 grains. 

“ As the fluid poured from this precipitate iheai-ured ]th of a 
fluid ounce, I estimate that this would retain in solution about 
tliree grains of the triple muriate ; and hence the whole amount 
must be taken at 15.4, which, by former experiments, I consider 
as equivalent to about 6 4 sulphate of potash, or 3.5 potaslu 

Now, since the pint of ivatcr weighed about 7520 grain.s, 

gives the proportion of potash, about j ] ; but the quantity of 

mere jiotash is less than ^ioodi part of sea-water, at its average 
density.” 

Dr Wollaston has also detected traces of potash in the water 
of the Lake of Oiin.iia or Arumea, which is unconnected with 
the ocean. The water of diis lake (which is situated in the })ro- 
vince of Azerliijaii in Persia) is said to be salter than that of 
tlie sea, so tliat no fish can live in'it. Dr Wollaston is of o])i- 
mon, that the potash exists in sea-water in the state of sulphate. 


Art. XXI.— Short Coniijarisonqf the Volcanic Rods of France 
with those (f a similar natvre found in Siotland. In a Let¬ 
ter addressed to Professor Jameson, by Ami Boue', M. D. 
Member of the Wernerian Society*. 

Dear Sir, 

Having lately spent some time in the remarkable volcanic 
districts in the South of France, and knowing the intei est you 
have always taken in every thing respecting the geognosy 

1 

• I have much pleasure m laying before our readers the intere® ing letter rf 
my friend and formci pupil Dr llouo. Duiing hii residence in Scotland, he 
vLbited and examined many extensive tiacls of country, and studied paiticularly 
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of that country, I now send you a few notes of my observa¬ 
tions, expecting at some future period to extend And illustrate 
them more fully and jfccurately than I can spare leisure for at 
present. In making you acquainted with some of the geet 
^ gnostical phenomena I met w^^li, probably a sufficiently intelli-* 
gillie mode will be to^ institute a comparison between the rocks 
of the districts in question, and those that occur in Scotland, 
particularly In the vicinity of Edinburgh. 

^ 1. Bei?weenjjEd^nburgh and Glasgow, *near Calder, there is a 
quarry of a black compact basalt, which contains grains of oli¬ 
vine and crystals of augite. This rock cannot be distinguished 
from the basalt of Montaudoux, near Clermont, in Auvergne *. 
This small hill is considered by Montlosicr, Raymond, Lacoste, 
&c. as part of a very ancient stream of lava, (coulee,) and is 
intimately connected with other masses of ancient volcanic for¬ 
mation. 

2. At AjDchon there is an alternation of basalts, tuffas, and 
lithomarges: These various substances and their arrangements 
are much the same as what occur at the Giant’s Causeway in 
Ireland, and yet here, according to geologists, the whole series 
is of volcanic formation. 

3. The porjihyry-slate on the north-west borders of the Mont 
d’Or, which is of a volcanic natun*, bears a stinking resemblance 
to that of the Island of Lamlasli, in the Frith of Clyde. The 
same is the case with the porphyry-slate of the Mezen, and of* 
other paits; and it is worthy of remark, that these rocks in France 
pass into trachyte or volcanic porphyry, and sometimes contain 
fragments of undoubted sooiiae. The rixjk of the Dalmahoy 
Hills near Edinburgh, has the same basis as the volcanic por¬ 
phyry rocks of Mont d’Or, and like them contains acicular 
and large crystals of felspar and crystals of augite. The por- 
phyry-slatc of North Berwick Law, and of Traprain Law, re¬ 
sembles the porjihyries of Mezen and Mont d’Or, but the re¬ 


cur trap-rocks. Another of my pupils Di Daubeny, also distinguished foi his 
activity and intelligence, and who has examined much of Scotland, has lately 
spent some Uliie in Auvergne, and will, I trust, soon favour us with an account of 
his ^hbervationg. Dr Ogttby, one of my eaily pupils, now m Prance, will also visit 
Alivergnc. • K. J. 

* Buch’s Geognostische Beobachtungen, &,c. T. 2. p. 235. 
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soniblance is not so great as in the rock of Lamlash. The 
porphyries c/ the Girleton Hills, near Haddington, bear only a 
slight resemblance to those of the Mold- d’Or, while the va- 
* ri<fties found m tlie Pentland range, are of a different nature. 

4. The greater part of the,rocks of Arthur Seat have the same 
arrangcnu'nl, and are of the same species as those in the volcanic 
districts of Auvergne and tJie Vivarais. The form of the hill, its 
rising suddenly in the midst of a comparatively flat country, 
its terraced asjiect, its vaiious lava-likc rockb,viind oth«r circum¬ 
stances, w ould seem to shew that it has been a submarine vol¬ 
cano. But the rocks of Salisbury' Craig are of a different na¬ 
ture. I did not meet with any greenstone rock like that of the 
Craig, in tJie volcanic country of France, nor any lava, which 
contained such qiiaitz-crystals, and iron-stone veins, as occur 
in this greenstone. The same is the case wit/i tlie green¬ 
stone rix’k on which Stirling Castle is built. The only place 
where 1 saw a rock, which, on a general view, had .some 
resemblance to your greenstones, was at Boffiat near to St 
Flous, Avliere it occurred in tlie middle of a stream of basaltic 
lava. It seemed to be a distinct compound of felspar and au- 
gite, but was without crystals of olivine. 

5. I examined very carefully the different basaltic veins 
(whiii-dikcs,) that occur m the (bstricts over which I travelled. 
Near Murat in the Cantal, I found a pretty broad basaltic 
vein lunning from loji to bottom of* a hill, composed of a vol¬ 
canic tiifla, iiicludmg muJi porous lava, and capped with 
bcautii’ul basalt jallars. The \eins contain elongated cavities, 
some of which arc entirely filled with calcareous spar and arrago- 
nite? A\lnle others were only lined with small wax-yellow crys¬ 
tals, of a substance called Mcllihte. At St Jaqnes, at the fcxit 
of that jiorphyritic mass the Plomb du Cantal, I found a por- 
phyritic vein, running through a white-coloured volcanic tuf- 
fa. The \ein Avas porphyntic basalt. It Avas partly amyg- 
daloidal, and many of the amygdaloidal cavities Avere lined 
with calcareous spar, olher.s with a matter like green cartli. 
It appeared to c(mtain small grains of iron-pyritcs and of augite. 
But I did not find any rock precisely similar in my collec¬ 
tion of Scotch specimens, notAvithstanding many of"your bfiscl- 
tic veins arc disposed, as i.s the case AAuth this one, in small ho- 
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rizontal columns. Near to the top of the part ^vhieli unites 
the Col de Cabra with the Pity Maiie, I had th^ • olcasuMj of 
observing' three fine Ijasaltic veins, travelsin^ a pretty j/orous 
trachyte or volcanic porjihyiy. The porphyiy is of a rgd 
colour, and contained numerous Mihail crystals tif glassy Iclspar.* 
^The middle vein is about on^ foot and a Inlf broad, and is 
composed of a very black, compact, dull, heavy basalt, inclos¬ 
ing grains of olivine, and peihaps also of augite. The \ein to 
the west ^if this ifione foot wide, and the'third to the east three 
fljet; and between this last and the middle one, thi'rc is still ano¬ 
ther, about half a fiot wide. Not far lioin these veins there 
are vertical sections of streams of basaltic-lava, which rest u|i- 
on immense inclined bids of various kinds of volcanic tnfla, 
ill whiih there are occasionally found masses of basalt, beaiiug a 
great likeness to that which forms the veins. Ikit one ol the 
most interesting of these veins I examined, was observed at 
Villcneuve Le Perg, traversing limestone. The basalt has 
nearly the .same characters as that of St .Tactpics, it contains 
manyciystals of aiigitc, and is soinetime.s amygdaloidal, and the 
cavities arc filled with calcareous spar, or lined with non-jiyri- 
tes The hniestone, wheie ni contact witli it, is rendered more 
compact; and the same is the case with the numerous pitees of 
limestone contained in the vein, particularly towards its crop or 
outgoing But m no instance is the limestone crystallised or 
changed into marble; all could ob.scrve was a .simjile harden¬ 
ing of a rather earthy looking limestone. I examined the coni^ 
tait-limcstone, with the view of ascei taming if m any case it 
would not effervesce with aeids, but T found all the vaueties, 
even the most compaet, effervesced with acids. In favour of 
what theory is this fact ^ I dare not adopt the filling up from 
above, it is attended with so many dilfieuhies; but thc^^voleamc 
hypothesis of injection into a rent is somewhat countenanped by 
the great accumulation of fra^nents towards the ciop of th'e 
vein; its mode of termination near the surface, and several 
other circumstances. 

6. On visiting Auvergne, I expected to obtain .‘■omc satisfac¬ 
tory ideas#in regard to your Scwtli.sh pitchstoncs, particular¬ 
ly^ tkose of 4110 Island of Arran, but have returned with only a 
single fact, viz. that ycins which ^rc jiartly of basalt, partly of 
voi.. II xo 4 Armi 1820. 


V 
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pilclistone, ns in the ^"^llley ties Gartlcs in the Cantal, along with 
tvv'o^otlier basalt A eins, traverse trachyte or volcanic porphyry, 
(Vid. La (Johte’s LcUies siirlcs Voltanc (TAuvergne^ p. 255.) 
Not liaving l])e spetiuiens 1 collected at this moment beside me, 

I cannot allitm tluit the rock^ aie identical with the remarkable 
pitchsLone veins wliicli ^ou di.icovvred on the eastern extremity 
ol‘the Isle ot Lamlash, although 1 am convinced that they are 
nearly of the same nature. All the otliei minerals in the Can¬ 
tal group i\hicli ha\e<'bcen rcferied to the pitchstonr species, 
apiiear to me to be varieties of seim-opal ' Some of them are 
foLiiul 111 irregidar beds in the calcaieous tiesh-water formation, 
and these a[)pcar to pass into Miiiildc, while others occur in 
large masses iii volcanic tuda. These latter appear to be singu¬ 
lar siliceous volcanic procliu tioiis, that bear some relation to the 
volcanic rocks of Hungary. At St Pieire Eynat, m the Me/xai 
group, simi-opal occurs in concretions, in what appeared to me, 
dunng my cursoiy Msit, to be a fresli-watei formation In 
the Mont efOr gioup is a resirious-hke mineral, which has 
been considered as a variety of jiitchstone, and it is so arran¬ 
ged in the Royal Museum of France, under the name Retinitc 
porphijritique ct subrctimtc. I am ipulc satislied of the resem¬ 
blance ol these to \oui pitchstonc-{)oi })li} ry, but they are by 
no means idcaitical with it. We must, I think, look for illus- 
trationsm Germany and other countries ; foi the single lad just 
mentioned, although (id hoi., is not udiicient to decide the c|ue- 
stion about the [nuhstone 

7. The nevt uxk T shall mc'iitifm is the Trachijtc., or volca¬ 
nic jioipluiy. IJndei this name are com[)u;hendeci many diffe¬ 
rent poipliyiitie locks, h.iMng the general character of contain¬ 
ing erystai.s of glassy felspar. It is almost imjiossible to give 
a defiivtic;.! of such a rock ; and how could it be otherwise with 
a volcanic production, which is formed from all the different 
ruvinbeis of tlie gi anile lot mairion The poiphyry rock of 
Druniadoon Point m Arran bears .some resemhlance to tra¬ 
chyte* in sonic jiaits of the Croix Morand, m the Mont d’Or 
grou[), I found sjiccimcns which recallc'cl to my mind the green 
and more eompact pai ts of .the trap-porphyry of Hue Varey 
Point, also in AiTan. But still the tstructure anJ. positicai of 
tlie Arrau poiphyries, on a general view,,are so different, that 
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we cannol identify them with the true tradiytch. But tins is* 
a point which must he determined by you * •. 

I have only furthei'*o remark, in regard to the trachyte, tli^ 
some of the varieties found m masses in vokanic tufik, brouffifit 
, to my recollection certain poyihyMcs of tlie Braid Hills near 
'Jldinburgh. This, jiowever, may jiossibJy prove but an acci¬ 
dental u semblance ; and tins is the more likely as the Braid 
. Hills, Blackford Hill and rentland Hills, niilch you point out 
l^s membhrs of.ithc same seizes, differ in niaiiy things fiom true 
trachyte distiicts. 

8. I did not ob',eive any where in the \olcaivie districts of 
Auvergne and the \ ivarais, rocks like the greenstone forming 
the gri'at vein m the coal-field to the N K. of the* Calton Hill, 
nor an}'^ whic.ii corresjioiided with the follow mg, viz. the green¬ 
stone of Corstorpliine Hill and of Cramond; the greenstones 
of Burntiskand in Fifcshlre ; the greenstone of the Pentlands; 
the chnksloiu'-porjihyik's of Dunbai ; the Invergourie rocks 
near Dundee; the trap-rocks of Jietifrewshirc. Yet still our 
knowledge' of vokamc-rocks is so imjierfect, that we cannot 
maintain that all these, and others of the s.'vue description, are 
of Neptunian origin. 

9. Nowdiere in tlie volcanic districts, already so often nicii- 
floncd, did I find .uiy amygcfoloidal rocks resembling those of 
the rentlands, Montiose, and otlier parts of Scotland. The 
only rock which made an approacli to these, was that of th^ 
Buy Giroud near Clermont. 


In conformity with the preceding, and indeed with other ob¬ 
servations to be communicated to you, I would propose arran¬ 
ging your trap-rocks in the followimj’ inaimci, according to their 
probable origin. 'V \ 

* Evidently Vokanic. ^ 

1. Calder basalt, and the one loscmbllng it wliicii^^j^l^SunCl 
near Kdinburgli. 

% The Giaiifs Causeway. 

^ ** Prohahly Volcanic. 

Staifjw 2. *Some parts of the Island of IVtull. 3. Arthur 
Seat, in part. 4. Dalm&hoy Hills. 5. Lamlasli Isle. 6. The 
Jtrap-veins m Arran, and in the neighbouring districts in Ireland 
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and Scotland. 7. The Dumbarton and Frisky Hall rocks, and 
s^juic Konfi’cwshire rocks. 8. Craig Lockhart. This reinark- 
^able rtick has much tlie appearance of a'volcanic tuffa, formed 
it. some measure by means of volcanic water. 

*** Dmihl %l Rocks. 

1. Castle Hock of Edinburgh and the'Calton Hill. 2. Stir¬ 
ling Castle rock. 8. Salisbury Craig. 4. Blackford Hill. 
5. North Berwick law, Traprain Law, a^d Girleton HUls. 
6 The rock of Rue Varey Point in Arran. 7. Some lrap-rock» 
ol Linlithgow. 8 The pitchstones ol' Arran. 9, and lastly. 
The amygdaloids and claystones. 


Art. XXII .—On the Optical Proper tics and Mechanical Cosi- 
dition of Amber. By Daviu Bukwster, LL. D. F.ll.S. 
IjOnd. & Ediii., &c. 

rp 

JL HE nature and origin of Amber hayc aflbrded to natuia- 
lists a fertile subjett of controversy ; anti, after all that has been 
written on the subject, it is difficult to say whether it is the pre¬ 
vailing opinion that amber is a mineral body, an indurated ve¬ 
getable j nice, or a mineral oil inspissated by chemical causes, or 
by the slow operation of time. 

The general resemblance of amber to MeUitCf which is a re¬ 
gularly crystallised body, and its occurrence at considerable 
depths 111 the earth, have induced most mineralogists to give it 
a place iii their system next to this mineral: while its resem¬ 
blance to indurated gums ; its want of all appearance of crystal¬ 
line sti ucture; Its occurrence in a stalactitical form, in strata 
of half*^ ^lecomposed trees; and the circumstance of its contain¬ 
ing inl^ict.'j and vegetable reiiuuns, have given no inconsiderable 
probability to the cipposite opinion. 

In my early experiments on Depolarisation, I found that Am.- 
fcrr possc.sscd the paiticular organisation which gives bands of 
complementary (.olours by polarised light *, and that it some¬ 
times had such a regular sti'udture, as to exhibk distinct neutral 


• See Pit!. Trant. 1814, p. 2li, anil 1815, p. 37. 
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and depolarising axes. I had frequently occasion to recur to 
the examination of this substance when any interesting &pe>> 
men presented itself; "^and having now examined almost every 
variety which is likely to occur, I t’sust that the results ^\hicl^^, 
liave obtained, will be considci'|.‘d as throwing some light on the 
origin and formation ®f this interesting body. 

1. In several specimens of Amber ^ the polarising structure ex¬ 
isted in such a mapner as to display itself,in irregularly parallel 
»ones of colour* which suflered no change by altering the exter¬ 
nal shape of the mass. These different zones had their axes ly¬ 
ing in different directions, so that some of them were dark when 
others gave the tints of the first order, and vice versa. Hence 
it is obvious, that the axes of these zones must have been inclin¬ 
ed to eaoli other; that this structure must have been ac¬ 
quired during the gradual induration t)f the amber, and must 
have had its character modified according to the nature of' the 
juice which was successively deposited round the nucleus. The 
limits, or hues of junction, of these zones appeared even in com¬ 
mon light, and could not have been produced either by heat or 
pressure. Some of these specimens of amber displayed various¬ 
ly inflectedl veins of different degrees of transparency like the 
agate, and in many cases the tints rose to the green and red of 
the siHjond order. The streaks which gave the highest tints, 
were in general yellower tlpaii the rest of the mass. 

2. In some specimens of amber of a rectangular shape, I oUk 

served the same jxilansing structure wliich exists in plates of 
glass gradually heated or rapidly cooled, namely, a negative 
lietween two positive structures. This structure must have 
been acquired during the gradual induration of the amber at all 
its surfaces. \ 

3. A cylindrical jiiccc of amber, which was cut out bead, 
gave the black cross and the colpured tints exactly like'r 

cal piece of glass that had been heated to redness an9rt«pidly 
cooled, as represented in the Edin. Trans, vol. viii. Plate VII. 
Fig. 10. The thickness of this piece was about *gths of an 
inch, and^its highest tint was the yellow of the first order. 

4. In a j)icce?>f amber of the same thickness as the preceding, 
Vfie polarising structure'had suffered a change by drilling a hole 
through its centre ;* and m numerous specimens, I found that 
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the jx)larisint«’ structure could be altered by changing their 
i/initts, though not to tlic same degree as in plates of crystallised 
glass. In some .specimens, a negative Structure is develojied 
round the perforation, as in tubes of glas.s *, 

5. iUong the axis of a fine sta^ctitc of amber containing in¬ 
sects, 1 discovered th.il remarkable structure which occurs in 
quartz, and produces tlie phenomena of circular jiolarisahon, 
the tints descending m the scale as the analysing pnsrn was 
turned from right to left, This stalactite was 1^ inches long* 
and about 1 inch in diameter, and did not polarise the usual 
tints beyond the yellow of the first order. 

6. Some sjieciiiieiis of amber did not possess the polarising 
structure m the slightest degree, and in this respect resembled 
Oiwi Copal, Own Gidbanum, Gum Jumper, and Gmn Mantle. 
All specimens of this kind must have been indurated very slow¬ 
ly, and in such an unilorm manner that the induration went on 
with equal rapidity in the interior as at tlie exterior surface of 
the mass. 

7. Every specimen of amber is cajiablc of having its polaris¬ 
ing structure altcrei^, or a new polarising structure communi¬ 
cated to It, by heat, or by iiicchamcal conqircssion or dilatation. 

8. Ill pieces of amber filled with globules of air, a polansing 
structure inthcated by four minute sectors of polansed light is 
developed I'ound tlic globules, by the pressure arising from 

expansive force of tlic included air. 

These results, obtained from a very extensive examination of 
specimens, appear to establish beyond a doubt, that Amber is an 
mdurnied vegetable Juice, and that the traces of a regular struc¬ 
ture, indicated liy its action upon polarised light, are not the 
effect of t&e ordinary laws ol' crystallisation by wdiich Mellite has 
been fi^'mpd, but are produced by the same causes ivhich inflii- 
once If^meclianical condition of Gum Arabic, and other gums 
which are known to be formed by the successive deposition and 
induration of vegetable fluids. 

EniNiiiriiGH, Feb 18. 18S0. » 

^ •> 

. w't Ai/./.. 'J'lnni. voJ. vui. p. 



Art. XXIII. Account o/* the remarkable Depreciation q/'*th.z^ 

Thcrmmneter., and Utisc of the Barnmete/, in Januarjj 18S0. 

TL HE mctcorolo^ciil facts wijiiclr presented themselves "m the 
indJith of January 182f), are so singular In tlieniselves, and Inne 
been so unprecedented in tins ehmale, that we h^l^c thouglil it 
advisable to record some of the best autlienticatcd observa- 
ijons. - . 

1, Observations made ai Perth.-—Oo the night between Mon¬ 
day 17th and Tuesday 18th January, (the coldest night perhaps 
ever remembered in this country), the therinonietcr stood at Perth, 
in a northern exposure, so low as—10'" on Eahrcnlieifs stale, 
being not less lhan 42° below the freezing point. Dm ing the whole 
of Tuesday, tlic instrument remained under zert), excejit for a 
short interval about noon, when it rose to 1". The effects e£ 
this great reduction of temperature were such as usually accom¬ 
pany the most intense cokl. The evaporation from the suiface 
of the ice on the Tay, being condensed in the air almost imme¬ 
diately after its formation, pioduccd over tlu^ river a partial fog, 
which, being gently wafted to the neighbouring trees, attached 
itself by degiees to the blanches, and gave birth to iniuinierable 
and diversified exfoliations of»tbc most singular beauty. The 
bridge being elevated above the tajiour, a remarkable ap])ear- 
ance was observed, during sunshine, by a s[)eclator wlio laiscd 
his head a little above the jiarapet, so as to throw bis shadow on 
the fog below: a gigantic figure v as secai projected on the 
moving vapour, (such as has liecn f requently noticed under si¬ 
milar circumstances, in .Alpine coinitnes,) surrounded by a 
lieautiful halo., and tliroumg off, in every dtrecluiii, widiations 
which exhibited distinctly all tlic prismatic ailours. 'TiJe effect 
was most striking wlien the suii was a few ilegrees the 

horizon, and was barely perccjitible alter mid-day. ^ great 
w^as the mtcnsity of the cold, that the wiiuhnis of a[)arlnients 
where a constant fire was kept, were covered Mith a thick coat¬ 
ing of ice, which obscured the light of day ; and liquors of Aa- 
rions kinfls wer« conijiletcly frozc^n, in situations wliere it might 
have bcetTsupposed they were beyond the reach of f)'ost The 
.sudden increase of‘temperature Svliieli took place from Tuesday 
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to Wctlncwlay, is scarcely less remarkable than the unusual 
coj/l which iL succeeded, the mercury having risen in the course 
of 24 liours, nearly 40 , and indicated a transition fully as great 
asjif w(* had passed, in that short interval, lioin the ordinary 
cold of winter to the extreme heOj^ ol summer. 

We h.ne thus witnes.scd, ivithm the short sjKice of ten daSrs, 
two reinaikable nieteorological phenomena: the greatest atmos¬ 
pherical jircssuie, and the most depressed tempeiaturc that ha\e 
probably cAer been observed, or at least that Ivxvc eVer been 
recorded, in tins part ol the island. Ihe conditions of the at 
mosphere which led to tins unusual .state of tnings, have, i. may 
be concluded, produced a mutual rc-action on each other ; the 

comparatively gieat cold which preceded the high state of the 
baromcLei, by eondeuMiig the aerial columns over this country, 
would cause a current ol’ air to flow from all the contiguous 
rc'gioiis U) supply the tlefieicncy iu the ecpulibriuni, and raise 
aceordmgly the barometer; and, on the other hand, the suhsc- 
cpienl dimmuliori in the pressure, amounting in a few days 
nearly to 2 inches, by allowing the air to expand itself, appears 
to have cau.scd a powerful absoiption of calorie, m consetjuence 
of the sudden dilatation, and thus added greatly to the mten- 
sily of the cold. 

The cold seems lo have been ful’v more intense in this neigli- 
bourhood than m any other jiart of the kingdom Indeed it 
docs not appear, by the meteorological records iu the riiil. 
Iraiis. for 150 years b.ack, that it has c'ver been much exceeded 
in any part of I’liirope, excepting llussia and Sw'edcn. In the 
severe winters of 1683, 1709, 1715, 1740, and 1708, the ther¬ 
mometer never descended below—2"; nor do wo And a well au¬ 
thenticated instance of its being low'cr in Britain during any 
other ycfir, tliaii it stood here on the night of Monday the 17th 
instanUfmless in 1780when it was observed by Dr Wilson, at 
Glas^u,. i4" below zero, or 4’ lower than it was seen at this 

place. 

Perhaps no circumstance is betler fitted to illustrate the ex¬ 
treme seventy of the late frost, than the fact of watei freezing 
in our apartments, from 24 to 36 hours after the thaW began, 
iMicl when the external air was nearly 10’ above the freezing 

• Thi ‘1 lemarkalile cold hapiicncrl on Friday the 14th .January, at 6AM- 
See Phil Tians. 1 IhO p. 451.— Ln. 
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point. This curious fact, which it would have been difficult to 
explain in ordinary cases, was evidently owing to the walls'fCc 
taming a temperature below the freezing point, for a consider¬ 
able time after the air had readied the temperature of 40°, affd^ 
radiating the cold with which| they were impressed to the con- 
tik-nous bodies. 

Had the cold been of longer duration, or less interrupted by oc¬ 
casional remissions in its severity, its physiological effects would 
have bcert morej-emarkablc. ^During the s^iort time it continued, 
several instances occurred in the vicinity of Perth, of persons 
perishing by its intensity; domestic animals were found frozen to 
death, in attitudes which proved the sudden cessation of their 
vital functions; and, in some cases, the trunks of the largest 
trees were reft from top to bottom, by the congelation of their 
juices, in the same manner as if they had been shivered by 
lightning. The damage, in fact, that has been done to stand¬ 
ing timber, particularly to oaks, elms, and ashes, is probably 
greater than can be easily ascertained, as many of these trees, 
which were a good deal split, have again closed so completely 
since tlie commencement of the thaw, that JLlie fissures cannot 
now be discovered without a very minute inspection. The 
effect, however, will be more apparent afterwards, by the longi¬ 
tudinal ridges which will appear in the bark. 

We have already seen, that a lery sudden and extensive 
change of temperature, amounting to 40®, occurred from Tuej^ 
day to Wednesday the 19th: On the morning of Saturday the 
22d, we experienced another instance of the same kind, and still 
more illustrative of the extreme variableness of our climate, 
the thermometer having risen from one degree below zero to 
80°, in the course of tlirec hours. This change irv-natwral tem¬ 
perature, which took place here between 8 and 11 o’clo^l; in the 
forenoon of that day, is so remarkable, thal it des?(rve)ij to be 
recorded among the peculianties of‘ this uncommon pifeon. 
About 8 o’clock in the afternoon the thaw commenced. I 


2. Observations made at Kmfauns mar Ve)th >—The fol¬ 
lowing interesting observations upon the state of' tlic Barometer 
and TheAnometer were made at Kinfauns by the Keveren^ 
Robert Gordon, w'ho, ^ylien lie observed the baronj^^ter above'' 
the usual height, arid still rising,*registercd it at intervals during 
the whole day. . 
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Barometer. 



Tcinpa*. 

Pressuie. 

7th January 1820, 10 morning, 

.88.0 

.80. 19 s 

10 evening 

.88.4 

.‘JO..'; 10 


.87 5 

30.080 

12 noon. 

.88 7 

30 697 

2 afternoon. 

38.5 

.80 710 

4 

38.5 

.80.730 

6 

.88.0 

, .80.745 

7 

.88.0 

- ,80.705 

9 

38 0 

30 787 

10 

.89.0 

30.800 

11 

.8S..> 

.80 810 

9th, ..i-. —— () morning, 

.80 0 

.80 815 

10 

30 0 

30 8.85 

10 evening. 

30 0 

30.()0.5 


The highcfit observed was at 9 in the morning of the 9tli; 
but it is prolmble it luid been liigher during an earlier jiart of 
that day. 

The lowest temperature during tlie night between the 8th 
and l)th, was In several days alter, the tliermoineter 

did not sink below On the nijiht between the 16th and 

17th, it sunk to 13J", and during the nest night, or lathcr on 
the morning of the IStli, it was at zero, which was the lowest 
at Kinfauns. 


The follonlng is the stale of the TiiRUiMOMETER observed 
Ly IVfr Gordon on the 18th .Tanuaiy 1820: 


Lowest pre¬ 


at 2 afternoon. 

10“.5 

vious to morning. 

o*.o 

.8 

10.0 

at S'! morning. 

2.5 

4 

8.0 

9 

.8.0 

5 

9-0 


7.0 

6’ 

7..'5 

10 

O.O 

7 

9.0 


5 0 

9 

8.0 

_/ / 11 

9.0 

10 

10..5 

^ Hi 

8.0 

midnight. 

13.0 

I 12 

10 0 

On tJic morning 

of 

1 afternoon. 

11 0 

the 19th at 10, 

, 27.5 


The barometer during the I8tli sunk griulually from 29.425 
at 10 morning, to 29-245 at 10 evening. ,The cievatlon ol 
\ ‘'this plane is 185 leet, so that the barometer at the level of the 
I eea must have been as high as ^1.045, on the 9th. 
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3. Observations made at StrathaJlan in Ferihshire and other 
places —At Strathallan, situaU-d about two miles to*the wesf bf 
Auchtcrardcr in Perth^fliirc, the Thcrinonicter slCKwi at 13'^ be¬ 
low zero during the night ol‘ llie 17tb At 9 o’clock in the 
ling it stood at —10®, and it iu|vcr rose more than 1® above zero 
JiS* whole day. 

At Cokjuhalzie in Perthshire, the Thermometer wa.s observed 

.t 10® below zero,,at 9 o’clock on the 18th. At Cried* it stood 
• * . * 

12° below zevo ; and on Oie south of the Ochill Hills it was 

also at 10° below zero. 

4. Observations made at Leith ,—The following observa¬ 
tions were made at Hermitage Hill, near Leith, by Andrew 
IVaddell, Esq F. U S. E. The Barometer was 60 feet above 
the ku'el of tite sea. 


1820. 


& A. M. 

Inrlics 

to P. M. 
Inches. 

January 7 


30 310 

30 680 

8. 


30 780 

30.925 

9. 


30.999 

30.770 

10. 


30 670 

30.350 

11 


.30 055 

, 30.080 

12. 


30 260 

30 260 

13. 


30140 

30,320 

14 


30 300 

29 800 

15. 


*29 8.10 

29 750 

16. 


29.675 

29 520 

17. 

0 

29 510 

29.520 

18 


29 500 

29 130 

19 


28 890 

29.190 

20 


29.270 

29.180 

The following w'as the state of the Thi'rmoincter, as 

alst) by Mr Waddell: 

1820. 


Highest in 
the Hay. 

•• 

Lowest in 
th(k night. 

T3® 

January 

10. 

. 30^ 

17. 

20 

4 


18. 

15 

13 


19. 

28 

18 


20. 

30 

25 

The cold* was marked 

bv ! 

i s])iirt tbcrnionicler, which 


W, at 9 X. M. on the. 17th, as it had been durmg^tlle night:^ 
The mercurial thermometer at this time stood at 3', and when 
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another mercurial thermometer was laid on the snow, it fell 
below zero. 


Art. XXIV .—On Steam, and \%e Sediment of Water found 

in the Boilers of Steam Engines. By Robkiit Bald, Esq. 

F. R. S. E. Communicated by the Author. 

In collieries wdicre the common stcam-en^ne is applied for 
drawing water from the mines, it ireqiiently happens, that after 
a continuance of wet weather, the water accumulates so much, 
as to require the engine to be wrought night and day. If the 
Ixiiler is supplied witli M’atcr fnnn the mines, it contains in this 
case a great quantity of earthy matter brought' immediately 
from the surface, which renders the w ater within the boiler very 
muddy; and there being little time for cleaning the boiler, aw¬ 
ing to the accumulated water in the mines, six or eight weeks 
sometimes elapse before this can be done. Tow'ards the end of 
this period the water in the boiler is mixed w'itli sediment to 
such a degree, that the ordinary .supply of steam cannot be 
raised, although the fire is increased in the furnace; the conse¬ 
quence of which is, that the common working speed of the en¬ 
gine is greatly reduced. In this case it has been the constant 
practice of the engine-keepers in Scotlfjnd to apply a very simple 
rnmedy for increasing the quantity of steam. 

The substance employed is known by the name of Comings, 
being the radicles of barley produced in the process of malting, 
which arc separated before tlie malt is sent to market. Aliout 
a bushel of these is thrown into the boiler; and when the steam 
is again raised an ijnmediatc effect is visible ; for there is not 
only a plentiful supply of steam to produce the full working 
speed 6f the engine, but an cxccs'' of it going waste at the safe¬ 
ty val\fc. This singular effect will continue for several days. 
Such s the fact,-—but the principles by w'hich this vegetable 
matte/ acts, arc not very obvious, as it is doubtful whether it 
act^ chemically or mechanically. If its action is mechanical, 
chaff or raw-dust may produce the same effect. " ^ 

♦ tr 

In the distillation of ardent spirits upon a great scale, it is 
found necessary, w hen converting the fermented liquor or wash 
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into low wines, to throw a quantity crf‘ soap into the still every 
time it is charged or filled, which has the eflect of* causing,the 
steam to rise more quinkly, and more disengaged from the residu¬ 
ary matter of the process. In tliis instance the soap acts chneni- 
cally, by uniting with the water amd residuary matter. IVe d& 
however, see any analogy between this process and the 
effetit produced in the engine-boiler before mentioned. 

The sediment in boilers produced after wet weather, is chief¬ 
ly compesed of cAiy, and docs comparatively little injury to the 
*boiler ; but in general the common mine ivater which percolates 
Aery sloivly through the strata, produces a sediment of sulphate 
of lime, which adheres so closely to the bottom of the boiler 
that it cannot be removed, but by picking it oft* witli a sharp 
iron uistniincnt; and this sediment, ivhen removed, lias fre- 
c[uently a thin scale of the iron-plate of the boiler adhering to 
it. In tins way the boiler is not only injured, but if the sedi¬ 
ment accumnlalcs at any part of the bottom, the plates are lia¬ 
ble to become red hot at that place, which greatly inj ure.s them. 

To lessen these injurious eft'ects, it is the practice to throw 
into the boiler a quantity of feat-earthy in its natural plastic 
state, wdiicli is found to have a considerable effect in preventing 
the sediment from adlicriiig so closely to the boiler plates. 

Ai.loa, February 8. 1820. 


Aicr. X.KV.— On the Absorption of Polatised Light by Doubly 
Rcfraiting Crystals'^. By David Brewstkh, LL. D. 
T. 11. S. Loud, and Edin, 

J. HERE are no phenomena in optics Avhich are Idss under¬ 
stood than those which relate to the Absorptii^ of light, or that 
property of transparent hodiub by which they detain and assi¬ 
milate to their owm substance a portion of the light which pe¬ 
netrates them. It became, therefore, a matter of great mport- 
ance to discover in regular crystals some analogous phenome¬ 
na, Avlicrj the absorptive power acted in relation to certain h'^ted 
Imps ill tlj^ir crystalline form, as it was only by sucl> a disco- 

, - - - - - --—---- 

• Abridged ftom the Pktlosapktcctl TramacUont for 1819, pag® D. 
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very that philosophers c- )uld expect to investigate the general 
siijiiect with any hopes of success. A series of phenomena of 
this kind presented tliemselves to tlic author of this paper when 
he_ was studying the polarising structure of super-ac*etatc of 
v,opper, and having been llms led to examine other artificial 
crystals and minerals, he found that the phenomena were inuiii 
more general and important than he hud at first sujiposcd. 

If WT take a prism of Benjloi' a bluish-green colour, and expose 
it to light polarised, eilher by transmission tlirough Iccland-spar*, 
or by reflection liom glass at an angle of 57% we shall find tJiat 
it transmits only a beautiful blue light when its axis is perpen¬ 
dicular to the plane of polailsation, and only a grcenish“wMte 
light when tlie axis coincides w'lth that plane, the transmitted 
light passing from the former to the latter tint, while the cry- 
btal is mo\ing from the fiist mto the second position. Hence it 
is obvious that the green light is absorbed in one jiosition, and 
the blue light in the othet ])osilion. Now, this absorption varies 
with the angle which the jiolarised ray forms wnlh the axl^ of 
the [irisin, being a maximum when that angle is 90'’, and va¬ 
nishing altogether w hen tlu' ray yiasses along the axis. 

If w'c now cut the crystal of beryl into a prism, so as to se¬ 
parate the tw'o images which it forms by double roll action, wc 
shall find that these two ima«*es liave different colours, the one 
image having the same tolour that would have been pioduced 
by exposing it in one position to pohn'ised light, and the otlier 
ifhage having the colour that would be obtained by turning it 
round 90°. Here, then, we liave two singular propertic.s of 
this class of crystals, which always uyipear to accompany one 
another, viz. the property which the extraordinary refracting force 
possesses^of selecting ccitaiii rays out of the compound beam 
of common incident light, and the propeily of absorbing tliese 
rays in one positic^i, and the snjiplementary rays in another po¬ 
sition, when the meideiit hglit lias'been previously polarised. 

The' property which has now been described as belonging to 
Beryl. I have found in other twelve, crystals with One ajets. 
Tlie colour of the ordinary and extraordinary images, or of the 
alVjorbed pencils, is shown in t!ic following table, 

' See Uiii ^^itrna!, vol. i. j> 2‘JO and vol. n p, l?'t. 
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List of Absorbing Ciystals ^ith One Axis. 


Names of Crystals. 

Zircon 
Sapphire 
Hiiliy 
Emerald 
E flier aid 

Her) 1 blue * s 
Beryl j>rceu * 
Beiyl yell, jrreen 
Rock crystal, almost 
trails jiaieiit 
Rock crystal yell. 
Amethyst 
Amethyst 
Ameth)st 
'J'ourmalme 
Rubellite 
Idocrase 
Melhte 

Phosp of lime (hkie) 

-olive 

Phosphate of lead 
Calcareous spar 


CoiouL when its axis is 
m the ])lane of piimitive 
])oiai i.satiuii. 

Brownish whjic 
Yellowisji ^rcen 
,Pale yellbw 
Yellowish g^reen 
Bluish ^reeii 
Bliiisli ivhitc 
Whiti^i 

Pale vellow 
Whitish 

Yellowish white 
Blue 

Oreyish white 
Reddish yellow 
Gieeiiish white 
Reddish w'hite 
Y ellow 
Yellow 
Bluish 
Bluish green 
Bright green 
Oiange yellow 


Coloui when its axu is 
perpe luhculai to that 
plane. 

A deeper Biowm 
Blue 

Bright pink 
Bluish green 
Yellowish green 
Blue 

Bluish green 
Pale green 

Faint brown 
Yellow 
Pink 
Ruby red 
Ruby red 
Bluish green 
Faint red 
Green 

Blmsh white 
Reddish 

Yellowish green 
Orange yellow 
Yellowish white 


The pioperty which lliese crystals possess ot absorbing the 
tlillereiit tints in dilferent positions of tlie axis, with regard to 
the ])lane of primitive polarisation, docs not belong to every 
sjJecinu'ii Tlicre ate niany crystals of ruby, sapphire, eine- 
lald, he. which give an ordinary and an extraordinary image 
of the sjime coloui; and whenevei this is tlie case, they are des¬ 
titute of the property of ub.soibmg ])olarised light. These two 
classes of phenomena are indeed invariably connected, and will 
ultimately be found to have the same oiigin. 

Some of the preceding crystals, such as the Sapphire and the 
IdocrasCf exhibit different colouis when common light i.s trans¬ 
mitted ill directions parallel 'and perpendicular to their, axis 
of double refraction. A specimen of sapphire had p deep 


• There are two nidgiiilicciit ciystals of Beri^L in the jwsscssion of Mr gander- 
son, which exhibit tho phenomena of absoijition m a most beautiful marmer. 
Both ol them absoib^a line deep blue tint w^cti the axis i« in the plane^if polur^ia- 
twn*, afn^^i^grceiiish white tijjit in a lectangular direction. A of these 

properties of precious stones K nccessjiy,* to discoter the proper mode of cutting 
them for the pmposcs of jcwelleiy. 
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blue colom in one directi<#n, and a yckoxoish-green in the oppo- 
siti^ direction; and several specimens of idocrase had an orange- 
yellozo tint along their axis, and a yellowish-green tint in a di¬ 
rection perpendicular to their axis. The exhibition of two co¬ 
lours in the same mineral 'l?y common light, was first seen in 
loUte, and the Abbe Ilauy had tSie boldness to give it the na/’;e 
of Dichroitc from this property, on the presumption that nature 
had limited it to this mineral. 

In crystals with two axes the preceding phenomena receive 
some cmious modifications, for a ])articular account of which w'e 
must refer to the paper itself The tivo colour# whicli appear 
in the ordinary and extraordinary pencils are now seen diver¬ 
ging rectangulaily from the resultant axes of the crystal; and 
this effect, when seen in dichroite, constitutes one of the finest 
appearances in optics. The two streams of blue light which is¬ 
sue from its poles of no-polarisation, are finely contrasted with 
the bluish-whitc beams which dnerge from the same poles 

The following table contains the tints in several crystals, in 
which the effect will be seen in every azimuth. 


LUt of absorbing Crystals with Two axes. 


Plane of the resultant 

Plane of the resultant axes. 

axes ill the plane of 

perpendiciilai to the plane 

pnm. polarisation. 

of prim, polarisation. 

Topaz blue 

W'lute 

Blue 

-green 

White 

Green 

-gi’eyihh blue 

Reddish grey * 

Blue 

— -pink 

Pink 

White 

pink yclloAV 

Pink 

Y ellow 

-yellow 

Yellowish white 

Orange 

Sulphate of barytes 



-- yellowish 



purple 

Lemon yellow 

Purple 

yellin. 

I^emon yellow 

Yellowish white 

. ... orange 



yellow /) 

Gamboge yellow 

Yellowish wdiite 

Kyamte 

White 

Blue 

Dichroite 

Blue 

Yellowi.sh white 

Cymopfhane 

Yellowish white 

Yellowish 

Epidot’3 olive green 

Brown m 

1 Sap green 

- whitish gr. 

Pink white 

Yellowi.sh white 

Mica 

Reddish brown 

Reddish white 




* For an ai^unt of the method of cutting the Dtrkroitc to see this fett'ect, aiSJ 
of the remarkable piopertles of .svper-arexate of copper, augtte, mica, &c. the leader 
is lefcricd ti the original jmper. 


3 
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The following tiiblc shows the chasftictcrs of the tints in cry¬ 
stals w'ith two axes, which ha^ e not been examined Mn every,a 2 i- 
muth. » 



Axis of prism in the 

Axis of prism peqicnc'tcu- 


plane of pnmitlyS po¬ 

lar to the plane of pri» 


larisation. 

J31ood red 

mitive polarisation. 

Mica 

Pale greenish yellow 

Acetate of copper 

i Blue 

fJrecnish yellow 

Muriate of copper * 

Greenisl) white 

Blue 

Olivine 

Bluish green 

Greenish yellow 

^plieiie * 

Yellovt 

Bluish 

Nitrate of copper 

Blvusli white 

Blue 

Chromate of lead 

Orange 

Blood red 

Staurotide 

Brownish red 

Yellowish white 

Augite 

Blood red 

Bright green 

Anhydrite 

Bright pink 

Pale yellow 

Axmite * 

Reddish white 

Ycllowisli white 

DiaJlage 

Brownish white 

White 

Sulphur 

Yellow 

Deeper yellow 

.Sulphate of strontite.s 

Blue 

Bluish white 

-cobalt 

Pink 

Brick red 

Olivine 

Brown 

Brownish white 

In the last eight crystals of the precedin 

ig table, ibe tints are 

not given in relation to anv fixed line. 

• 

The following table contains the characters of the two pen- 

cds in crystals, the number o( whose axes 
mined. 

1 have not yet detcr- 

Phosphate of iron 

Find blue f 

Bluish white 

Actiiiolite 

Green 

Greenish white * 

Precious opal 

Yellow 

Lighter yellow 

Serpentine 

D.irk green 

Lighter green 

Asbestos 

Greenish 

Yellowish 

blue carl), of copper 

Violet blue 

Greenish blue 

Oetohednte Cone a.risJ Whitish brown 

Yellowish brown 


Several of the preceding crystals which have a laminated 
structure, such as mica, cpidote, &c. or such have an imper¬ 
fect transparency from a defect'vc aggregation of iheir elemen¬ 
tary crystals, frequcntlv exhibit their absorptive qualities, and 
also their system of coloured rings, by exposure to cohmon 
light. The light is, in these cases, analysed in passing obliipic- 
** _._ 2 - 

* •* ■l !7^"iflnrs are given in relation to the short 4«agonal of its 
-f- When the axis of the prAm was in the plane of primitive 

Nor, 11. Ko. 1. .\pRir.l820. 


rhoml^dal base, 
polarisation. 


z 
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ly tlirougli the laminae, ,iii the same nianncr as if it had been 
trn^smitted through a bundle of glass plates *. 

Influence of heat in modifyinff the absoiient power of crystals. 

■/ “ Having selected several* crystals of Brazilian, topaz, which 
displayed no change ol‘ colour Ijy exposure to polarised light, 
I found, tliat after bringing them to a red heat, oi even boil¬ 
ing theiu ill olive oil or in mercury, they experienced such a 
change in their struclu re, as to exhibit distinctly the power ot 
absorbing polarised light I next took a topaz, which had 
one of its two pencils jellow, and the other pink. By expo¬ 
sing it to a red heat, the heat acted more powerfully ujxiii the 
extraordinary than upon the ordinar) pencil, discharging the 
yellow colour entirely from the one, and prodiuiiig hut a slight 
change upon the pink colour of the other. 

In the fiirmation of pink topazes by heat, it lias alway.s been 
supposed, that the yellow colour is actually changed into pink ; 
but this is quite a mistake, for the pink colour must pieviously 
exist in a state of comhlriation w ith the yellow, and must cither 
form the colour, or exist in the colour of one of the pencils pro¬ 
duced by double rtfraetioii. The heat does no more than dis¬ 
charge one colour, and leave tlie other almost unimpaired. 
This result is ol* considerable practical importance to the jewel¬ 
ler, as It enables him to determine befotchaud, whether or tiot 
any topaz will receive a pink colour f'om heat; for if this co- 
Uwr exists m one of its images, whicli will in general he seen by 
exposing it to a polarised ray, he may piedict Avith certainty the 
success of his experiment. 

When a topaz jKissessmg a pink tint has been taken from* 
the fire, it is at first perfectly colourless, and acquires the pink 
colour gradually in the act of cooling. By exposing it repeat¬ 
edly to the action jf a very intense heat, I have never been able 
either to remove or to modify this jiermaneut tint. 

With the view of ascertaining if the absorbing structure 
could ibe induced by heat, I exposed to a wliite heat several 

crystals of yellowish calcareous spar. After the action of the 

/ _ 

^ ■ The « xidated bUTiaccs of steel, and other metals, absorb polari •'d b^ht ’n a 
manner analk^ous to crystals, as will be minutely detailed in a subsequent memoir 
on Metallic Polarisation. ^ 
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fire Iiad been continued for some time^ a sort of opalescence, or 
milky opacity, was induced ; and the li^t, wliicli went tcftlie 
formation of the ordinary image, was much' redder than that 
which formed the extraordinary ray. This eflect I natiirtfll)^ 
ascribed to some change in the state of the carbonic acid; 
and upon continuing the action of the heat, and watching the 
process of decomposition, I found that when the carbonic acid 
was expelled fioni«a film about the 20()tli,part of an inch thick, 
!rts surface was tibvered with tvesiclcs arranged in straight lines 
parallel to the shor'i^diagonal of the rhtmhcnd. These vesicles 
had, in general, an elliptical 1‘orin, with a cut or opening m the 
direction of their U'aiisversc axis tlirough which tlie gas had 
escaped. After the spar was taken from tlie fire, a great num¬ 
ber of tlio vesicles burst with a noise similar to that which ac- 
compariie.s tlie bursting of the indusium of the fern, and earned 
ofl’ a ])ortit)ii of the thin calcareous pellicle. When this pellicle 
was removed, the subjacent surface was covered with a series of 
minute parallel grooves incimed about 20'’ 57' to the short 
diagonal. In repeating this experiment, and seizing the pro- 
})er time for withdrawing the spar from the* fire, I never failed 
to observe the fact of tlie arrangement and bursting of the ve¬ 
sicles ; and I have no hesitation in concluding, that the cailionic 
acid is arranged in planes passing through the axis of the cry¬ 
stal, a result which I haif^ formerly assumed m explaining the 
* phenomena of double refraction. This metlKxl of studying tlae 
structure of Ixidlcs by watching them in the jirocess of disinte¬ 
gration, may be found to ]ia\ e a very extensive application in 
cliemical and mineralogieal inquiries. 

The observations contained in the preceding pages, indicate 
in a manner by no means equivocal, that the colouring particles 
of crystals, instead of being indiscriminately dSippersed through¬ 
out their mass, have an arrangement related to the ordinary and 
extraordinary forces which they exert upon light *. In some sjxj- 
cimens the extraordinary medium is tinged ivitli the same (x»- 
louring particles, and with the same number of them as the or¬ 
dinary medium; ,but in other spociincns of the same mineral, 

• Several new facts nelati^c to the arjangenicnt of the colourtfi^mattcr m 
crystals, will be found in the Edin. Ttaaa. %ol. i\. p. 113., now in thcprcs*. 
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tlie extraordinary medium is either tinged with a different num¬ 
ber of particles of the same colour, or with a colouring matter 
entirely different from that of the ordinary medium. In certain 
specimens of topaz, the colouring matter of the one medium is 
more easily discharged than that of the other; and in two spe¬ 
cimens of emerald, the colouring matter.which tinges the ordi¬ 
nary medium in the one, tinges the extraordinary medium in the 
other, and vice versa.,^ w 

All those crystals in which the oolouring matter of the onr 
medium differs from the other, either m cluracter or intensity, 
possess the property of absorbing the two tints according to the 
laws already mentioned, but there is also reason to believe, that 
jiolarised light suffers the same kind of absorption in those crys¬ 
tals whose two images have the same tint, and • even in those 
which are perfectly colourless 


Art. XXVI .—Account of the Manufacture of Mosaic at Rome, 

and History of the Antique Marbles, Alabasters, . at Rome. 
By W. A.‘cAi)itLL, F. U. S. L. & E., M W. S. f 

T- HE art of forming mosaic pictures of tesselated, that is to 
say, cjuadrangular pieces of enamel, was practised by the an¬ 
cient Homans. It was in high repute during the middle ages, 
gpd still continues to excite the admiration of the curious. TJie 
principal school of tlie art at the present day, is at Home. The 
pictures m St Feter's are of mosaic of' the modern school, copied 
from the Avorks of llaphael, Honiimchino, and other celebrated 
masters. In Mr Cadelfs work, we find accounts of mosaic 
pictures of the different periods, ivliich cannot fail to prove in¬ 
teresting to iho^ who admire this species of imitation. liut 

•t 

• The preceding' experiments were made in January 1H17, and sign«l by the 
President of the Physical Class of the Royal Society of Edinburgh on the 2tth Ja¬ 
nuary lftl7. A notice of them was read on the 21ht April 1817; and the paper 
of which we have gi\cn an abstract, was read at the Royal Society of Edinburgh 
on the ;iOili April 1818, and at the Royal Society of London on the 12th Novem¬ 
ber 1818.^ The experiments themselves were frequently shewn in the yc.urs 1817 
and 1818 y several eminent lorelgners. ^ 

f Exlratled, b} {icrmis&ion, from tlie author’s icarnod and intercstmg book of 
Travels in .1 iriuola and Italy, now m the press 
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for these details we must' refer to the york itself, confining our¬ 
selves to the extracts which explain the Manufactory of Mo.mic. 

The manufactory of Mosaic pictures belonging to the Pope 
is in a large building to the south of St Peter’s. 

Enamels .—The building in which the establishment is* sv 
tiiatcd is large, and contains a, collection of enamels drawn into 
the form of sticks. These are arranged, according to their co¬ 
lours, in an extensive suite ol‘ rooms. The number of shades of 
colour is. 17,000.i> 

The enamel, consisting of glass mixed with metallic colour¬ 
ing matter, is hcatdl for eight days in a glass-house, each colour 
in a separate pot. The melted enamel is taken out with an 
iron spoon, and potired on a piilished marble placed horizontal¬ 
ly ; and another flat marble slab is laid upon the suidace of the 
melted enamel, so that the enamel cools into the form of a round 
caki!, of the thickness of of an English inch. 

In order to divide the cake into smaller pieces, the cake is 
placed on a sharp steel anvil, called Tagliulo, which has the edge 
uppermost, and a stroke of an edged hammer is given on the 
upper surface of the cake; the cake is thus divided into long pa- 
rallelopipeds, or prisms, whose base is ^^th.*! of an inch square; 
and these parallelo})ipcds are again divided across their length 
by the tagliulo and hammer .into pieces of the length of ^''^ths 
of an inch, to be used in the mosaic pictures. Sometimes the 
cakes are made thicker, and the pictx's larger. 

For smaller pictures, the enamel, whilst fused, is drawn iiipto 
long parallelopipeds, or quadrangular sticks; and these are di¬ 
vided across by the tagliulo and hammer, or by a file; .some¬ 
times also these pieces are divided by a saw^^without teeth, con¬ 
sisting of a copper blade and emery; and tlk'j|neces .arc some¬ 
times polished on a hfirizontal wheel of lead with emery. 

Gilded mosaic is formed by applying the gj^ld k'af on the hot 
surface of a brown enamel, inftnediately after the enamel is taken 
from the furnace; the whole is put into the furnace again for a 
short time, and when it is taken out the gold is firmly fixed on 
the surface. In the gilded enamel used in mosaic at Rome, 
there is x thin epat of transparenf glass over the gold. 

. Enamel .—The ancient Romans, besides l^c enamel 

for. mosaic, made othir w'ork.s in enamel WinkliSmann men- 
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tions ancient tiles of a Ivnd of glass enamel, for paving llie 
of rooms ; and he describes a small picture composed of 
/Uamonts of enamel of different colours, agglutinated together 
by fusion, and each transverse section of this gave a picture 
Kd(e that at the extremity. “ The antique pastes, or artificial 
gems, are also jirixlucts of art allied to enamel. 

The Ccvicnt .— Anciently, the paste in which the pieces of 
mosaic are imbedded, called in Italy Stucco, was composed of 
one measure of quicklime quenched in watet, and three mea¬ 
sures of pountled marble; these were made into a mass w’itli 
water and white of egg, and this was called '^Vlarnioratimi; but 
this paste liardcns too ra])idly, so tliat it is hard before the 
workman has time to insert the pieces, anil it is injured by 
damp more readily than the cement made with oil. 

The paste now used is compiscd of one measure'of quenched 
quicklime, anti three measures of powdered Travertine stone; 
these are mixed with linseed oil, and are stirred and worketl up 
every day witli a trowel. The mass is at first level on the surface, 
hut afterwards swells up. Each day some oil is added, to prevent 
the mass fi oin becoming dry and untraetable. The mass is ready 
a shorter time in v^arm weather tlian m cold ; m summer ihe 
mass is at its perfection in twenty days; this is known from 
its ceasing to swell, the water that was in the lime having eva- 
jMirated; the mass is then unifonn tlirougliout, like an oint¬ 
ment. Ill Avinter, and Avhen tlie air is moist, it requires a mouth 
icf bring the paste to perfection. 

The wall to which the mosaic is to be applietl, must have the 
lime taken off its surface; then furrows an inch deep are fo; m- 
cd on the Avail, to fix the cement. 

For the same purjxise large-headed nails are driven in, and 
wire is stretched from one nail to another. After this, the Avail 
thus prepared, is/fainted over Avith linseed oil. Then the ce¬ 
ment IS laid on to the extent of d surface of as many jjaJms as 
can be executed before the cement dries. Tlie plarfsticity and 
softness of the cement lasts about twenty days; after that the 
oil exudes, and the lime and Travertine become a hard mass. 
The cement ina<le viuth linseed oil is yellow; tiiat nude with 
white of'-^^gg is white, and the Avhite cement is considci^'^ lo'he 
a eharacterhor distinguishing the old mcw'uc.frora the motlern; 
but some of the modern is also made Avith Avhite cement. 
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Account of Aniiqvc Marbles, Ahhasiers, Granites, c^-c, at Rome. 

• 

The many large columns of foreign maible and granite at 
Rome are amongst tJie remarkalile remains of ancient magiu- 
ficence, and vestiges of the seat^ft' the most powerful einjiire 
tliat ever evisted in Europe. ^ Ravenna, which w'as the residence 
of Valcntiman and Thcodonc, idso possesses some. At Vemte* 
tliere are some columns from the I^tw'ant In tlie cathedral of 
Pisa tliere are columns of granite, anddn some other places of 
J Italy there are antique coltunns of foreign marble. Rut it is at 
Rome that by faf? the greatest (piantity of marble columns are 
seen; many of them are employed m Ibimmg the colonnades of 
the naves of tlie churches, and, in th.at situation, present a beau- 
tiful \icvi', wlnth is not to he seen in any other city. The 
church of St Paul on the Via Ustiensis is the movst magnificent 
in respect to the number and magnitude of the marble columns 
which separate the five poilicos or nave.s. 

The number, magnitude, and a ariety of the ancient columns 
and marbles is admirable at this tlay, after they have been ex¬ 
posed to the action of time for 1800 3 'ears, and the Roman 
authors speak of the sumptuous magmfitfcnce of these objects 
when recently brouglit from the ([uarries. 

The word Marble wa*- applied anciently tx) stones susceptible 
of polish, and dislinguisbed by the beauty of their colours. Tlie 
word is now usually coijfined to denote stones eomjiosed of car¬ 
bonate of lime, of an agreeable colour, and taking a good poiisli. 

There arc no rocks of marble in the country near Rome. 
The Romans, therefore, in tlie time of their jiower, had recourse 
to the marble quarries of Carrai-a and of foreign coiuitnes, and 
chiefly to those in the eastern part of the ^Whterrancan, in or¬ 
der to adorn their buildings. Pliny mentions that the first 
marble columns were brought 10 Rome 50 j^ars before the first 
consulslup of Augustus, mid the importation continued for 
about 200 years, as long as the city was in a flourishing slate. 

Columns from Mount Hijmcttus .—It was only 50 years be¬ 
fore the first eonsulship of Augustus that the first nuiible co¬ 
lumns ^ ere brought to Rome^by Crassus the cwalor, nnd he 
^fii:!ji»s«>ploycd marble^columns m a piivate buildi^. These 
columns w'ere frujn Mount H^jmetlus, near Athflis. lie was 
reproached by the public opjmon for thi'> unu''ual magnificence. 
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Pentelican Marble ,—Many of the aheient statues at Rome, 
according to«the judgment of Visconti and otlier antiquaries, 
are of the white marble from Mount Pcntelcs, near Athens. 
It IS called, at Rome, Cipolla, or Statuary Cipollino, by reason 
of the greenish veins that occur in it. Of the statues formed of 
this marble are the Torso of the Belvedere and tlie Muses of 
the Vatican. The Parthenon and other ancient buildings at 
Athens are of Pentelican marble. 

Parian Marble. —Ot’her antique Greek and Roman statues 
are of the marble of the island of Paros, as the recumbent 
Ariadne, called the Cleopatia of the Relvedl^re; the Mercury, 
called the Antinous of the Belvedere; tlie Diana and Stag of 
the Douvre. The Venus do’ Medici is of Parian marble, of a 
smaller grain than the ordinary Parian ; the Venus of the Ca¬ 
pitol is of very beautiful and translucid Parian. 

Carrara Marble .—Others arc of marble from Carrara, an¬ 
ciently called Marble of Luni, as the statue of Antinous of the 

The marble of Hymettus and the Pentelican are mention¬ 
ed by Stralx) and I’aiisanias. 

The marble of which the Apollo of the Belvedere is formed 
is considered, by tlie marble-cutters at Rome, to be a Greek 
marble, though different from the Greek marble of wliich many 
other ancient statues are formed. 

Pliny wrote 166 years after the first importation of marble, and 
rciftarks the rapid progress that had taken place in that period, 
from a simple and unadorned way of life to magnificence and 
extravagant expense. In the reign of Diocletian, 240 years af¬ 
ter the beginning <»>f the ipiportation of foreign marble into 
Rome, that impo^itation had diminished considerably, for it ap¬ 
pears that columns, taken from more ancient buildings, Avere 
employed in consK’^ucting the Baths of Diocletian. But the 
lai'gest of the two obelisks of the (arcus Maximus was brought 
to Rome 30 years after Diocletian. Its removal from Rgypt 
was begun by Constantine, and it was brought to Rome by the 
son of Constantine. For removing this, the Largest wrought 
stone that has been moved in Eiiroptv there existed fufficient 
mechanicilg skill at that period, although the arts connect 
design had cteclined very considerably. 




Alabasters^ and Granites, ^c. at Eame. * * 353 

Scaurus, the stepson Af Sylla, imj^rted such a quantity of 
magnificent columns into Rome, and employed them so profyse- 
ly in buildings, that they were not exceeded by the extravagant 
fabrics Avhich Nero afterwards erected. 

Marble of Caiystus in Enban.-^oon after the time of Sca*i- 
rus, Mamurra adorned his yiansiou with marble from Luni 
near Carrara, and from Carystus, now called Karesto, in Ne- 
grojiont. II(» was the first who encrusted walls with thin slabs 
of marble, The*quarries of the CarysBan columns are mcn- 
Aioned by Strabo.^ who speaks of asbestos found m the same 
place, and woven i'^to cloth 

Black Marhlc.-r-lw the year 680 ol’ Rome, Lucullus em¬ 
ployed a black niailtit|^, brought from an island in the Nile, and 
called Manner Ijuculleum from his preililection to it. 

Synnadic'or Phrygian Marble .—The marbles of Sjnnados 
in Phrygia, the cipollino of the moderns, is sjiokcn of by Strabo 
and Statius. This cipolJino is a primitive and shistose marble, 
witli particles of mica and green stripes, and is called C'limllino, 
fiom the resemblance it bears to a leek (cipolla) by its colour 
and scales, 

Strabo mentions the (juarries of white *narble in Paros, in 
Proconnesus near Paros, and at Mylassa in Caria. He men¬ 
tions quarries of variegated marble on the inland oi' Scyio\, east 
of Euboea, on the small island of Deucalion, near Larissa m the 
Gulf of Salonica, and auHicrapolis, near I..aodicea. From all 
these three, as well as from Carystus and Synnatlos, large T*o- 
lumns were sent to Rome. 

Marble of Rhodes —Pliny mentions a marble >\ith yellow 
t'eins got at Rhodes; to this marble he tsompares the stone 
called Lysimachus. 

The greatest number of the large antiipie Roman columns 
are of cipollino, of red Egyptian granite, ant''|Of the four kinds 
of marble known at Rome* by tlie names of Marmo Greco, 
Giallo Antico, Pavonazzetto, and Porta Santa, 

Marmo Greco .—Marmo Greco is a shistose and pnmitive 
marble, of a bluish white, containing mica. 

GialkP Antico,'^Am\epti yello*v marble is, in sonic ilegree, 
trtttwk.vi[l. The modern yellow Siena marble is opai^e. 

Pnvonna::zctto h’as jlurple vcihs. 
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Porta Santa has red ^ins. 

The Bretcia Africarm, which has dark-coloured blotches and 
veins, is somewhat less frequent. 

.Lacedemonian Marble. —The Lacedemonian marble men- 
lioncd by Statius and by lAician, is supposed to be the marble 
now called Verde Antico. But, according, to Visconti, the 
Verde Antico was imported from Thessalonica. 

There arc columns of Verde Antico in the Lateraii, but there 
are no columns of thJft marble of so large a size as the - columns 
of gi-anite, cipollino, marmo Greco, and Gialk) Antico. 

Rosso Ajitico. —The ancient red marble, antko, of an 
uniform brick-red, occurs in the two maible bathing-chairs, and 
in some busts and .statues, but not in Iarp-«. W)luinns. 

Alabaster. —Of alabaster, or carbonate of lime in a stalactiti- 
cal form, and translucid when cut into slabs of moderate thick¬ 
ness, there is an l''gyptian statue at Rome; and Iavo columns of 
this substance, about twelve feet high, were foimeily in the ves¬ 
tibule of the Vatican library. This stone is called Alabastro 
fiorito, from the flow'ery form of its veins. The white alaba.s- 
tcr, of which the .small statues are made at Florence, is a diffe¬ 
rent stone, being composed of sulphate of lime The Deib}- 
shire alabaster, of which there are inlaid columns in the hall at 
Keddlestone, is also sulphate of liiae, but not of so pure a white 
as the Florentine. 

Many other kinds of antique msJrbles, which occur more 
rarely than those above mentioned, are met with in the ruins and 
in the collections of mat bios sold by the marble-cutters at Rome. 

Nurnidinn. —Lepidu.s, in the year 676 of Rome, first em¬ 
ployed Numidian'Vnarble. Numidian rnarbk* is mentioned by 
Statius, Juvenai^ and Seneca Some commentators consider 
the Numidian marble to be red porphyry. 

Seneca speaks/If the ; of the Thasian 

from the island of Thasos, which is situated north of Lemnos 
in the vEgean Sea; of Egijptian columns^ which, perhaps, arc 
granite ; and {)f Jfrictm columns. 

Some of the above named marbles are n'entioned by Statius, 
and al.so the ichite marble of Tyre and of Sydon^ gre^n marble 
from tlie^uroias in Laconia, and Lybian. Some of'ftrt* ubbie 
kinds and otlKT.s tflrc also meiHioncd by Juvenal, Martial, Vo- 
pisLiis, and Julius Capitol in le 
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Egyptian Gramte. —columns^of the portico of the Pan¬ 
theon, the Ionic columns of the Temple of Concosd in the^JFo- 
rum Romaniim, and some othcra at Home, are of largc-gi ained 
red Egyptian granite, as are the obelisks, the largest wrought 
stones that exist in I'juropc. This red Egyptian granite, was cati- 
ed by the .ancients Pyrrhopoi|^ilon, on account of its \ariegated 
and red colour, and Syenite, because it was got in the quarries of * 
Syeiia, in Upper Egypt. Pococke describes the quarries of gra¬ 
nite wliich lie viStcd at Syenc Sonic tither kinds of granite 
ll’roni the east occur amongst* the remains of ancient art at Rome, 
but not so frequeAly as the red Plgyptiaii gramte. The Ho¬ 
man niarble-cutliji’.s saw blocks of antique granite by means ot 
an iron blade and'' §^iery, as calcareous marble is sawed by an 
iron blade and siliceous sand. The hardness of gramte renders 
the operation of sawing it very tedious. 

Elba Granite. —'J’hcre are some columns of .^Ethalian, or 
Elba giHinte, at Home .and Pisa. It is small-grained, and call¬ 
ed, at Home, Gramtello. 

Syenite (>f‘ Mineralogists. —I’lio syenite of the tiro lions, at 
the ascent to the Capitol, differs fiom the granite of the obe¬ 
lisks, and is like the stone of which ^he Egyptian colossal head, 
now (1818) in the Bntish Museum is i'ormed. 

Basalt —Thei'c arc several ancient Egyptian sphinxes, and 
other figures, and labra balncaria, or bathing troughs, of a dull 
greenish basalt. Basalt iji tliaracterized by Pliny as r(?senibling 
iron ui hardness and colour; it more especially resembles fast 
iron. Strabo mentions a qu.arry of millstones which were, per¬ 
haps, of basalt, at the Black I’romontory in Ionia. 

Touchstone. —Pietra di Paragoiie, black. touchstone, occurs 
in slabs and figures. 

Porphyry —The columns of poiphyry at Rome arc not 
nearly of so large a size as the Large column\of gramte. Tlie 
urn of f'onstanza and the urn of Helena is each composed of a 
very large block of porphyry ; and the great tazza or saucer- 
sh.iped reservoir in the rotunda of the Musco Pio-Clementino is 
of one great piece of porphyry. Pliny says that sculptors bcg.au 
to work^n porjjhyry onb^in the •reign of Claudius. Vo]>iscus 
tpowtero« porphyry. 'Hie room in which the prii^cs of the 
Greek empire werobo^n was iiKTiisted with porphyry, and the 
princes born in thisj-ooin wcic called Poqihyrogeneti. The 
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name Porphyry, or purplv^, applied to tais stone, was taken from 
thejancient purple dye, made of the shell-fish called Porphy¬ 
ries, whieli was near Tyre. It is, therefore, svipposed that 
the ancient dye was of the dull red colour, which this stone ex¬ 
hibits. A small "rained greenish porphyry is sometimes found, 
but mxich more rarely than the rgd porphy ry, amongst the re¬ 
mains of ancient art at Rome ; it is quite different from the an¬ 
tique green serpentine. 

Antique Serpentine .'^—The green antique‘■serpentine, which 
occurs in pavement of churches at Rome, is one of that class of 
stones called porphyry by the mineralogists. 

VerJc dl Corsica —In the Vatican there ij a vase, vNhlch is 
probably antique, tliimed of the rock cornu amded of ja.le and 
schillerspar. This rock occurs near the magnesian serpentine in 
Tuscany and m Corsica. 

Egyptian R/rcevV/.—The* Egyjrtian Breccia, which occur s in 
some monuments at Rome, is a conglomerate, composed of hard 
siliceous stones. 


Aht. XXVII .—Abstract of Experiments on the Specific Gra¬ 
vity, Temperature, and Saline Contents of Sea- Water, ^c. 
By Ar.KXANDKii Mauckt, M. li). F. R S., ivc*. 

X UK very inteiestiiig paper of vvhich^we propose at present to 
give a brief analysis, is the production of an individual no less 
celebrated by his talents as a chemist and a physician, than by 
those better qiialitie.s, without which the loftiest attainments 
lose their splendoii^ and their influence. During the last tuxm- 
ty years, a perirrd during which England has contributed more 
than her usual contingent to the advancement of science. Dr 
Marcet’s exertion^ have frequently held an honourable and 
conspicuous place; and we regre.- to think, that England is so 
soon to lose the benefit of his co-operation, as well as the in¬ 
fluence of his example. 

Dr Marcct’s attention was directed at an early period to the 
analysis of water, and when the late^ celebrated Mr JTennant 
received ^om Sir Joseph Ranks, some phials of thcv^gl/i^r c)f 
the Dead oca and of the River Jortan, brought home bv 


Sec Phil. r>nns. 181‘) pait ii. p 1(51. 
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Mr Gordon of Clume, he entrusHbd tlieni to Dr Mareet, 
wlioni he knew to have been engaged in similar ’researclies *. 
These eminent chemists embraced every o[)poi tunity of collect¬ 
ing sea-water li’om diflereiit parts^of the world ; and tlnM^h 
the melancholy death of Mr Tennant interrupted for a consi¬ 
derable time the researchcvS of his friend, he was induced to re- 
SLime his labours after the return of the Arctic Expedition, 
wliicli furnished Jiim with numerous specimens of water from 
^tl’ic l*olar Seas.* . 

Ha\ mg procurt^l above seventy different kinds of sea-water 
from different par|s of the world, a great number of which were 
laised by an ingcif'oiis apparatus, invented by himself. Dr Mar- 
cet began liis luvestigMion of their jihysical ]iropertie.s, an<l their 
chemical composition. 

The sjieciric gi'avltics were measured in the usual manner, by 
comjiarisoii with etj^ual bulks of distilled water of the same tinn- 
perature As the results would occupy ttxi much loom, we 
have arranged them in the following table m groujis, and guen 
the extremes, as well as tlie mean, of the different results. 


Places whcie the 
Water was ob¬ 
tained. 

Nnmber 
of Speci¬ 
mens. 

1 ntcrvals of 
Latitude. 

Intervals of 
Longitude. 

Extremes of 
Specific 
Gravity. 



( 

60“ 

50' 


11“ 

15' 

E. 

1.0255.5 1 

Arctic Ocean, 

12. 

\ 

to 


to 


to \ 



1 


29 


76 

46 

W, 

1.02727 1 

Noitbern Ileim- ) 
sphere, J 

15. 

{ 

3 

63 

28 

49 


89 

55 

0 

.38 

E. 

W. 

1.026 tH 1 
1.0309 f 



0 

0 

f 

92 

0 

E. 

1.02692 ) 

h^quator. 

4. 


{ 

25 

30 

W. 

1 0282 5 j 

Southern Hemi- ^ 

10 

f 

8 

30 


73 

0 

K. 

1.02 54.5 ] 

sphere, 1 

ID. 


35 

33 


56 

0 

W.- 

1 03209 / 

Yellow Sea, 

1. 


35 

0 

N. 

- 

— 


1.02291 

Mediterranean, 

3. 


36 

0 

N. 

5 

0 

W [ 

1.0273 ) 

1 0305 f 

Sea of Marmota, 

i. 

i 

1 

40 

« 

5 

0 

.V. 

N. 

26 

29 

12 

0 

E. . 
E. , 

1.01328 j 
> 1 02H19 ( 

Black Sea, 

2 

- 

• 


- 


{ 

1.01114 j 

1 01122 J 

White Rea, 

2. 


65 

15 

N. 

39 

19 

K. j 

1.0189t ) 
1.01909 f 


Q 

1 

56 

0 

N. 

15 

0 

K. 

1.0049t \ 


kf* 

57 

39 

N. 

12 

40 

E. 

1.02.593 ] 

Ice-sea wjiters. 

6. 


M 

to 

28 

• 

13 

65 

10 

32 

K. 

W. 

1 oonoo 1 

1.0023 5 f 

r^irnna. 

1- 

A 

- 



- 



1 16507^ 


Mean of all 
the Itcsults. 

1.0266+ 

I.O2S29 

1.02777 

1.02Sa2 

1,0293 

1.01915 

1X)14.18 

1 01901 

1.01523 

1.00057 


• See Phil. Trans. 1807, i>art n. 296. 


Fioni C.irFlinm Uarhour. 
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Cj J 

From the preceding facwS Dr Miircet concludes, 

1. That the Southco'n Ocean contains more salt than the 
Northern Ocean, in tlie ratio of“ 1.02919 to 1.02757. 

^ 2. That the mean specific gravity of sea-water near the Equa¬ 
tor is 1.02777, intermediate between that of the Northern and 
Southern Hemispheres^ 

3 TJiat there is no notable difference in sea-water under dif¬ 
ferent meridians. 

v 'I'hat there is no satisfactory evidence, that the .sea at great 
depths is more salt than at the surface 

5. That the sea, m general, contains mon salt iihere it is 
det'pest, and most i emote from land, and tha[ its saltness is al¬ 
ways diminislied in the vicinity of large iK.tsses of ice. 

C. That small inland seas, though comraunicating with the 
ocean, are much less salt tlian the ojien ocean. 

7. The Mediterranean contains rather larger projxirtions of 
salt than the ocean. 

The singularity fif this last result has been explained, iqxm 
the supposition that the Mediterranean is not supplied by the 
livers which flow into it, with a quantity of fresh water sufli- 
cient to replace what it loses by evaj3oration under a burning 
sun, aided by a powerful radiation from the African shores, and 
the parching winds blowing from the adjacent desarts. Philo¬ 
sophers have, therefore, attempted to explain why this sea does 
not gradually increase in saltness, and indeed be ultimately 
i (inverted into saturated brine. This has been ascribed to an 
under current of water, salter than the ocean, which runs out at 
the Strmts of Gibraltar, and unloads its waters of their excess of 
.salt. This idea of a submarine current is countenanced by the 
fact, communicated to Dr Marcet by Dr Macinichael, on the 
authority of the British Consul at Valentia, that some years 


• A hinuiar conclusion was deduced by Mr Scoresby, who obtained the fol¬ 
lowing (esults. See his termini of the Arctic Regiom, 


Depth in 
1' cet. 


7 . { Surfi'-c 


1380 


Slice. 

Giav. 

1.03G1 

1.0270 

1,02«9 


Depth in 

Spec. 

1 


Feet. 

Giav. 

Depth in 

Spec. 

- Siuf.ice 

i.fraG.i 

Feet. 

Grev. 

1?0 

1.02SI 

I at f 

77“ 40* 1 

‘ I 660 


< 210 

I.02l.<, 

1 026b 
1.0267 

1.026O 

b()0 

600 

1.0262 
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ago, a vessel was lost at*Ceuta, on l)|e African coast, and its 
wreck afterwards thrown up at TarilFa, on the Eurcljican sl«5re, 
fully two miles west of ^Jeuta 

The results obtained by Dr Marcel from twelve speciinene of 
w ater from the Arctic Seas, agree’wonderfully with those pre¬ 
viously obtained by Dr Fyfe, fiom sixteen specimens, and pub¬ 
lished in the 1st Number of this Journal^ the intervals ol lati- 



• A Mmilcir fiut IS staled li\ Dr Wudsoti. “ In 1713, M dc I.’Aigle of the 
Phamx of Marseilles, giving ehace near Ceuta Point to a Dutch ship, came u(i with 
her in the middle of the Cut between Taritia and Tangier, and there ga\e her 
one broadside, nhicli sunk her. A tew daj's after, the sunt ship, with hei caigo 
of brandy and oil, arose on the shore near Tangier, at least four leagues to the 
west ot the i^acc where she sunk, and direc^j against the strength of the curiciit; 
which has persuaded many men/that there is a recun emy in Ike deep jj/ater in the 
nt the Gut that sets outwiud to the grand ocean, lohieh this acriisnt verj/ much 

demonsUatti,."-^Phtl. TiAs. 1^21, sol \vvm p. l‘>2. 

4 

See Sjorcbliv's Airoiintsof the ctrdit liegwns, \ol. i. )> 1H7 
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The followin^^ is an Abstract of Mr Scoresby’s results. 


Lat. 

Long. 

Depth in 
Feet. 

Tem^oera- 

ture. 

Temp, 
of Air. 

7(i* 16' 

9* O' E* 

Surface 

28“8 




— 

300 

31.8 

1 

12* 

— 


738 

.‘13.8 



76 16 

10 50 

Surface 

28.3 1 

1 

lii 

— 

.. 

738 

30.0 1 

• 

XD 

76 34 

10 0 

Surface 

30.0 ] 

1 


__ 


bOO 

34.7 

■ 


77 15 

8 10 

Surface-" 

29.3 ) 

1 

i n 



600 

30.0 I 

■ 

10 

77 40 

5 40 

Surface 

29.0 

t 

Q/4. 


... ■ 

2400 

30 0 J 



79 4 

■i 38 

Surface 

29 0 \ 


• 

- 

— 

4380 

37.0 


■ uo 

80 0 

5 0 

Surface 

29(*7 1 



—.— 

720 

36.3 / 

'I'W 

78 ? 

0 low. 

Surface 

32.0 1 


■ 


4566 

38.0 / 

oo 


The following arc some ol‘ the rchiilts obtained by Lieutenant 
Beechy on board the Trent. 


Lat. 

Long. 

Depth 

m 

Fath. 

Temp, 
at Bot¬ 
tom. 

Temp, 
of Sur¬ 
face. 

79° 41.' 

.9° 

34'E. 

15 

.34.0“ 

33".0 

79 58 

11 

14 

30 

31.0 

30 0 

79 52 

9 

57 

60 

34.0 

32.0 

80 23 

9 

50 

120 

36.0 

30.3 

80 21 

11 

11 

140 

36.5 

30.5 

80 27 

tl 

5 

200 

35.5 

32.5 

80 23 

11 

3 

237 

27.0 

32.0 

76 48 

12 

26 

700 

43.0 

33.U 


Tlie follov.in 2 are some of ]Mr Fishei’s results, obtained on 
'Iroard the Dorotliea. 



Dcjith 

Temp. 

Temp. 

La' tude. Longitude. 

in 

at Bot¬ 

ot Sur- 


Ih’ath. 

tom. 

lace. 


40 

35“.5 

31“.8 


60 

.‘16.0 

32.0 

Between 

100 

36.3 

32.0 

79“ 50' noso'E. 

124 

36.7 

33.5 

and 

140 

36.5 

32.0 

80 14 

188 

12.5 

33.0 


304 

39 0 

31.0 
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The greatest difference found by Dicutenant Parry was 6°, at 
a depth of 246 fathoms; and the greatest obtained by Captain 
Sabine was at a depth of 680 fathoms. 

By cooling scur-water with freezing mixtures, and ascertaining 
. its specific gravity at each degree of temperature, as it ap¬ 
proached congelation,. Dr Mafcet found, that the law of maxi¬ 
mum density at 40“ did not prevail in the case of seiuwater; but, 
on the contrary, siia-water gradually increased in weight down 
the fteezing iiiwmit. Tlys able chemist confirmed this re¬ 
sult by means ot an ingenious instrument, with which he 
measuicd the liulM of the water under \arjous temperatures. 
Tlie wati'i' was alw^^s found to contract in bulk down to 22* of 
I'^ahrenlieit, when the ‘^uater appeareti to expand a little, and 
continued to Jo so till its temperature descended to between 19° 
and 18°, when the fluid suddenly expanded to a very con.sidcr- 
abJe degn e, shooting uj) with great rapidity, and forcing itself 
out of the o[)cn end of the tube. At the same moment the 
tJicrmonieter rises to 28", and remains at that point. The liquid 
is DOW found frozen, and in a few' minutes the nia\mium of ex¬ 
pansion is obtained , 

Dr Marcet next proceeds to ascertain the saline contents of 
the different seas ; and in tins investigation he employed a me¬ 
thod which he had long ago used and explained in his analysis 
of tlie Dead Sea, published in the Phil. Trans, for 1807. “It 
^ satisfactory to observe,” *says Dr Marcet, “ that Dr Murray 
adopted, several years afterwards, a mode of proceeding jirecisc- 
ly similar, and indeed, that lie proposed, in a sul)se(]ucnt paper. 
(^Edin. Trans. *1816, Vol. \m) a general formula for the ana¬ 
lysis of mineral waters, m winch this method is pointed out as 
likely to lead to the most accurate results. And this coinci¬ 
dence is the more remarkable, as it would appear from Dr 
Murray not mentioning my lalipurs, that they Aad not at that 
time come to his knowledge.” All the results which Dr Mai- 
eet obtained by this mode of investigation prove, that sea-water 
contains the same ingredients all over the world, and that these 
hear very nearly the same proportion to each other, differing 
only in the*total amount ol‘ tlwiir saline contents. 

The following table rtintains all the results ohtaiijgdf by Di 
Marcet 

« 
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Seas; 

lins. 


Grs. 

,39.7 

Grs. 

3.3 

27.9 

2.4 


De'irruitJon of Spciihc 
the Specimens. Gravity. 


Arctic Ocean 


Arctic Ocean. 

Spec. 67. 

Arctic Ocean. io27.05 19.3 39.9 

Spec. 14i. 


Equator. 
Slice. 3.5. 


S. Atlantic. 
S])cc. 41. 


White Se.i. 

Sp. 59 . & 59. 

Black Sea. ioi4.22 10.9 
Sp. 56 & 57. 


1004.9 

Slice. 60. 

Sea of Mar- 

mora. Surface. 1020.28 Rll 28.4 2.65 
Spec. 53. 


« 4 2 

*• 2 (C o Sf 

- 42 ^ 


1028.19 20 6 
1022.55 16.1 1 31.8 


Middle ot 

N. Atlantic. 1029.86 21.3 42. 

Spec. 27. 


Yellow Sea. 
Spec. 48. 


•a 2 
|.3 ed c 


F'lom surldce. Qu.; itity o- 
perated upon 500 f, y. 


Sea ice water; const of Spitz- 
berp^n. Opd. on 500 gis. 


Fioin a depth. Operated 
on .500 grains. 

From surface. Operated 
On 500 grains. 


49.3 Operated on 250 grains. 

37 6 Operated on 500 grs, hut 
evaporated only 250 gis 


Operated on 500 grs for the 
23.6 earths; on 250 for mur. of 
silver and evap ot w'ater. 


Operated on 250 grs. The 
precipitates slightly tinged 
by vuget. or aniin matter 


Entrance of Helles|iont. 
Surface. Opd. on .500 grs. 
except for mur. of .silver. 

From bottom. Carl^ of linic 
48 0.5 deposited during evap but 
none from the water at sur¬ 
face. Operated on 500 grs. 


aUtj 


Meditenanean. 
Spec. 51. 

1027.3 

Dead Sca.^ 

1211 . 

Lake Ourmia, 
m Persia. 

1*165.07 


Ounng concentration de¬ 
posited carbon, of,) lime. 

31 2 The water was yellowish,' 

and had a strong hepifEic 
smell. Operated on 500 
grs. 


From Marseilles, and ra¬ 
ther weak, from vicinity of 
nvers. Opd. on 100 grs. 
for evap. and mur, of sdver; 
and, 250 for other salts. 


584.68 Phil. TraQ^;807. 

Spec, brought* by Brown. 
Operated on 100 & 50 grs- 
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General Observations. 


In the alxDve experiments, the residues were dried as follows, 
viz. The residue obtained from Jthc water by evaporation, »as 
thoroughly dried at a boiling heat in a water-bath, till it entire¬ 
ly Ceased to lose weight, 'The muriate of silver wtis heated to^ 
incijiiont fusion; the sulphate of barytes and oxalate of lime 
were dried at a (boiling heat; and the *mraoniac*o~phosphate of 
magnesia, was^Jicated to itidness. No filters were used. The 
precipitates w'ere washed, dried, and weighed, in the same glass 
capsules in whic|^ they were formed, with the exce])tion of the 
magnesian salt, V^ich was healed to icdness by means of the 
blow'pipe, in a very lliin and .small platina crucible. 


Art. XXVIII .—Outlie Formation of SugarJrom tlie Sawings 

of Wood^ Old Linen and Paper, By M. Braconnot. 

Our chemical readers arc no doubt we]! aware of the inte¬ 
resting experiments of M. Kirchoff, a Russian chemist, by 
which he discovered that starch may be converted into sugar^ 
possessing all the properties 'of sugar from grapes, by mixing it 
Avith about four times its weight of water, and about one 
. hundred part of its weigHt of sulphuric acid *. This discoijpry 
w’as confirmed by M, Theodore dc Saussure, avIio ascertained 
that 100 part# of starch became 110.14 parts wbou turned into 
sugar. » 

The same subject has been successfully resumed by M. 
Braconnot, who has discovered the important fact, that a sugar 
similar to that of grapes may be obtained byjncans of sulphuric 
acid, from the sawings of woqdj from old !4nen. 

In this operation, a certain quantity of these substances are 
treated with sulphuric acid, concentrated by cold. The mass 
appears to be carbonised, but this appearance arises from a 

A * 

• Kirchoff also found thal .some other acid, had the same effect. .S.o Journal 
d<9 tom luviv. • 
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L’ 

Stratum of’ black powder wliich covers it; and which, when re¬ 
moved by washing, is converted into a true gum, resembling in 
many respects gum arabic, and likely to be of some use in the 
arts. This gum is separated from the sulphuric acid in excess 
by means of carbonate of lime, and it remains in the liquor. 
By afterwards treating this gum 'With sulphuric acid diluted 
with water, at 30° or 40° and in ebullition, it is converted into 
true sugar of grapes, Jhe quantity of whiche is greater thorn 
that of the sawings of wood or, the linen/mploped. In 
addition to this sugar, which forms almost tiie whole of the 
mass, M. Braconnot obtained another substance, which he call¬ 
ed the vegeto-sulphuric aeid. It is composed of sulphur, car¬ 
bon, hydrogen, and oxygen; or of a vcgetalbie matter, and the 
elements of sulphuric acid. It is separated from the mass by 
rectified alcohol, which dissolves it, and it is freed, from the 
small quantity of saccharine matter which it may contain, by agi¬ 
tating it, after it has been evaporated into a syrup with ether. 
This acid, when pure, is deliquescent, uncrystallisable, and ex¬ 
tremely acid. It is decomposed and becomes black, when put 
into a capsule plunged in a sand-bath, even at a temperature be¬ 
low boiling-water. It produces no change in metallic solutions; 
does not precipitate nitrate of barytes, nor nitrate of lead ; efter- 
vesces strongly with carbonates; and it is capable of dissolving 
all the metallic oxides, with which it forms deliquescent salts, 
insoluble with rectified alcohol. When subjected to heat, these ^ 
saline and neutral combinations arc decomposed, and emit sul¬ 
phurous acid, and leave sulphates and charcoal. This new acid 
dissolves iron and zinc, liberating abundance of oi!ygcn gas. It 
even dissolves sulphate of lead to a certain degree; and it forms, 
with oxide of ’lead and barytes, very soluble salts, which have a 


gummy appearanoi. 

M. Thenard, from whose report the preceding facts are taken, 
announces, that M. Pouillet has been occupied for six months 
in experiments analogous to those of M. Braconnot; and that 
bftlias obtained sugar, by treating Paper with diluted sulphuric 
Acld. 
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Aiit. XXIX —A v^ry Concise, yet strictly Accurate Method, 
Jor jvndhig the Interest of any given Sum, at any^ven 
Rate, for any given Number^bf Days. By Henry Good- 
WYN, Ew]. Blackheath, K^‘nt. In a Letter to Dr Brewster. 

Sir, 

I efxperiliiccdi, for many years, iChe utility of the Interest 
Table which now fhe honour of presenting to you. Se¬ 

veral gentlemen, of well known mathematical ability in this 
ncighb<^urhood,^ijavc spoken favourably of it, not only as pos¬ 
sessing the properties above ascribed to it, but also as furnishing 
a fair example of the great benefit which may be derived from 
introducing the circles or circulating digits, distinctly from the 
prefixed dig^its, or finite part of die decimals, whenever mixed 
and circulating decimals are to be applied in any extent to prac¬ 
tical purposes. 

It does not appear to me that any description of the different 
parts of the Table is necessary, as the titles at the heads of the 
columns seem sufficient for pointing out what they severally are. 
As to the two Tablets, however, which contain the circulating 
digits of the decimals, it may be observed, that each of the nine 
circles in the tablet for £ 5 per cent, is the same; that is con¬ 
sists of the same digits ^with one or other of those in the tablet 
for £ 1 per cent. In fact, it is this last-mentioned tablet which 
completes the Table ; and they alone, if every thing about £ 5 
per cent, wei^ omitted, would l)e then, as they are now, of uni¬ 
versal application. It is for its usefulness, then, as the legal and 
common rate of interest, that the tablet, 8 ec. for £ 5 per cent. 
has been superadded. 

That the nine circles are all which can *^ist in the present 
case, that is all tliat can posSibly arise from the division of any 
given whole number less than 365 (the days in a year) by 365, 
admits of easy investigation and proof. But for this, as well as 
for a new mode of finding the circles themselves in all such in¬ 
stances,,! would beg leave to refibr to the second section of the 
jAippendix to the Centenary,'” and “ Tabular Seyes.'” 

} I am, Sir, &c 


Henry GooDwyn. 
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AN INTE'ftEST TAlil.E. 


Prefixed Decimal Digits, tit X 1 

pei C^ent. per Annum. 

Index¬ 
es to 

Prefixed Decimal Digits, at X1 
per Cent, per Annum. 

M 


- 

1 

1 

1 

Cirtu- 




1 


^ircu* 

Eiiiin 


•006 

•008 

lating 

•001 

mM 

ggta 


■009 

lating 




1 

I 

Deti- 




1 


Den- 

•- 

o 

1 


Days. 



mals. 



Days. 



mals. 

0 

73 

146 

219 



37 

110 

183 

256 

329 

E k 

1 

74 

147 

220 


A a 

38 

111 

184, 

257 

330 

Dg 

2 

75 

148 

221 

294 

B a 

39 

112 

185 

258 

331 

If 

3 

76 

149 

222 

295 

C a 

40 

'113 

186 

259 

332 

D h 

4 

77 

150 

223 

296 

U a 

41 

114 

187' 

260 

333 

Hg 

5 

78 

151 

224 

297 

E a 

42 

115 

im 

261 

334 

I d 

, 6 

79 

152 

225 

298 

F a 

43 

116 

IHJV 

262 

335 

Cf 

7 

80 

153 

226 

299 

C d 

44 

117^ 

,1&0 

263 

336 

Bh 

8 

81 

154 

227 

800 

C c 

45 

118 

191 

264 

337 

Hh 

9 

82 

155 

228 

301 

G a 

46 

119 

192 

265 

338 

Ag 

10 

83 

156 

229 

302 

A h 

47 

120 

193 

266 

339 

Hh 

11 

84 

157 

230 

303 

Eg 

48 

121 

194 

267 

340 

I c 

12 

85 

158 

231 

304 

Ha 

49 

122 

195 

268 

341 


13 

86 

159 

232 

305 

PJ 

50 

123 

196 

269 

342 

E h 

14 

87 


238 

306 

Fd 

51 

124 

197 

270 

343 

A d 

15 

88 

161 

234 

807 

Dh 

52 

125 

198 

271 

344 

G h 

16 

89 

162 

235 

398 

F c 

53 

126 

199 

272 

345 


17 

90 

163 

236 

309 

G h 

54 

127 

200 

273 

346 

B c 

18 

91 

164 

237 

310 

I a 

55 

128 

201 

274 

347 

I c 

19 

92 

165 

238 

311 

Bg 

56 

129 

202 

275 

348 

Gf 

20 

93 

166 

239 

312 

B b 

57 

130 

203 

276 

349 

I'g 

. 21 

94 

167 

240 

313 

G d 

58 

131 

204 

277 

350 

Hd 

, 22 

• 95 

168 

241 

314 

A h 

59 

132 

205 

278 

351 

Fh- 

23 

96 

169 

242 

315 


60 

133 

206 

279 

352 

Fb 

24 

97 


243 

316 

G c 

61 

134 

207 

280 

353 

He 

! 25 

98 

171 

244 

317 

I g 

62 

135 

208 


354 

Ec 

26 

99 

172 

245 

318 


63 

136 

209 

282 

355 


27 

100 

173 

246 

319 

A c 

64 

137 

210 

283 

356 

G e 

28 

101 

174 

247 

320 

Hd 

65 

138 

211 

284 

357 

Gg 

29 

102 

175 

248. 

321 

Bd 

66 

139 

O] d 

285 

358 

C h 

' 30 

103 

176 

249 

322 

C b 

67 

140 

213 

286 

359 

F c 

31 

101 

177 

250 

323 

I h 

68 

141 

214 

287 

360 

E e 

32 

105 

178 

251 

324 

He 

69 

142 

215 

288 

361 

D € 

33 

106 

179 

252 

325 


70 

143 

216 

289 

362 

C e 

34 

107 

180 

253 

326 

I b 

71 

144 

217 

290 

863 

B e 

35 

108 

181 

254 

327 

D c 

72 

145 

218 

291 

364 

A e 

36 

109 

182 

255 

328 

E d 
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CtraUating' Digits iff'tM Decimals, 


£ 1 ptr Cent, per Annum, 


a b c d e f •g h 


627397^6 
0 5 4 7 9 4 5 2 
6 8 2 1 9 1 ’ 7 8 

1 0 9 5 8^9 0 4 
13 ^ 9 8 6 30 ^ 
^1 6 4 3 ^ 3 5 6 * 

2 4 G 5 7 ,^5 8 4 

3 2 8 7 6 >7 1 2 

49S15^G8 


9 8, 

3 8^ 


7 .5 8 4 
6 '>7 1 2 
5 ^ G 8 


£ 5 per Cent, per Annum 


lb c d e f g 


3 6 9 8 


6 2 
6 4 


3 9 
0 9 


2 6 
8 9 


0*684 
0 8 2 1 
i 2 3 2 

1 6 4 3 

2 4 6 5 


The method of using the Table, will be understood from the foUomng 
RULES AND EXAMPLES. 

Thk complete decimal of the interest on £' 1 for any given number of days less than a 


year, at the rale 




per cent, per annum, may lie found by inspection : thus, 


Seek the given number of days, in one of the day columns; and take out the 

J-decimal digits which are placed | unXr } which the 

number of days is founA Observe the two letters that Jolln% in the same horizontal line 
with the number for the days. At the angle of meeting oi these two lettejta in the Tablets for 

the tircuUtmg digits of the decimals at ptr cent, per annum, is the first digit of 

I tllfCC ) 

that circle, which, when annexed to the < 5- decimal digits afready found, will produce 

the complete deamal expression for the interest required. 

• . f 1 ) • 

JExampic.—-Required the interest on £ 1, at dP J ^ V- per cent, per annum, for 155 days. 

Unto I" ^ ■[ twm j" ^^‘S**** ^ ' -^S^mst 155 days are the two let¬ 

ters G a, and at the angle of meeting of these two letters in the Tablets of Circulating Digits 




per cent, is the figure 


{?} 


of the circle 


, which, being 


that is, 


(•004) ' o (-0(^*24657534) ^ 

annexed to | |, will be the^ answer. Thus, ± | •02^2328767 | ’ 

■f*' 00424657534, W 4’1 percent.; and ’0212328767, at £5 per cf. IS the Answer. 

When the princijial is greater or less than £*1, or tlie rate greater or less than 1 per 
cent., the interest is first to be found for the given number of days, as if for £ 1, at 1 per 
cent. This interest, multiplied by the given pnneipal, or by the giien rate, or by both, as 
the case may be, will give the answer required respecUvely. Thus, 

Since .£’'00424667584 interest of AT, at 1 per cent., for 15.0 days; 

• *^0424657534 xW=l‘698630136 ^'lUbe the mtcmslmf AiOOat the 
I J • same rate andtor the same lime. 

Also, *00424657534x55=-02i2328767 mtercstof £1 f« 15S days, at 

’ £ 5 per cent, as found above from the Table. 

And •00424657534 x400x 5=8-496150CH^how*s the mtcicst rf £400« 

£ 5 pci lent, for 15.5 days. 
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fi The amount of any Annual Salary, for any given number of days, may also be readjly 
found by the foregoing Table, as follow^—Having foui^d in it the interest of £1, at 1 jper 
cent, per annum, for the given numbeiW days, multiply that interest by the annual salary, 
ano remove the decimal point two places to the right: the product, so altered,is the answer. 
Example _Required the amount, for 155 days, of an annual salary of £20. 

Since £ '004/24657534' is the interest of £ 1 at 1 per cent, per annum for 155 days, and 

*00424657534 X 20=‘0849315068, &C. by removing the decimal point two places 

• a 

to the right, the product will become 8*49315068, &c. the answer. And this answer is 

thi, same as that tor the interest of £400 at £ 5 per cent. (— £ 20 per annum) for 155 days. 

In practice, it Mill rarely, if ever, be requisite to take out more of the dccunal digit, 
than will be sulHcient, when multiplied by the given principal, to produce three, or at the 
most four, decimal digits m the product; as that number will g je the answer to the neares. 

^ ^ 1 cent, seve^por even stx, digits v 11 be 


farthing. So, in the first example, at 


quite sufficient. Thus, 




00424651 
0212325 ) 


X 400 = £ 


jrei 

\ IV¥. 


6986 1 
4931 j 


the answer. 


It will, moreover, greatly expedite the whole process to bt' able mentally and instanta. 

■6986) /• . c , 

, or any other decimals of a pound Sterling, into 


neously to convert the aliove 


{• 


4931 f’ 


shillings, pence, and farthings; and the reverse: operations, of which the mode may 
easily be learned from ahnost every treatise on decimal arithmetic. In the above instance, 

J 3, 1* Results may thus be obtained, which, for case and 

( 8'4931 j ( 8: 9:10| } 

accuracy, can scarcely be produced from any of the voluminous Tables of Interest that have 
come under the Calculator’s observation. An additional advantage may be gained by means 
of Contracted Multiplication in finding the products; as m'iII be evident from a lew examples. 


Example I. 

Required the Interest on £&75 for 155 days 
at 5 per cenf. per annum ? 

155 days, per Table, at £ 5 per rent. 

= ‘02 + f?a— ’0212328&c. which lieing 

multiplied by375, or 
rather, when prepar¬ 
ed for contract, mul. by 5 73 
(>36984 
148630 
10616 

will produce ^9()230=£T:I9:3Ans. 


Example III. 

Required the Interest on £ 1630, 10s. for 
207 days at 3.^ per cent, per annum? 

207 liays, per T.ible, at £ 1 pet cent. 
=-W5+He- -00567123 

3h per cent—3 5, multiplying by 

which,orratherby 5-3 


the result is ' 
£1630 10 - 
thcr when prepa- 
cd multiplication, 


1701369 

283561 


01984930 

V 


£ 1630-5, or ra- 
red for contratt- 


1984930 

1190958 

59548 

992 

will produce 32-3e428r::£32;7.3i Ans. 


Example II. 

Required the Interest on'£4287, 1Os. for 
359 days at £ 5 per cent, pet annum ? 

359 days, per Table, at £ 5 per cent. 

^n-Oi-fFe =. 0'4917808 &c. which being 
multiplied by £4287, 10.s. 

= 4287-5, or ra- t 

thcr by 

19671232 
983562 
393424 
34425 
_2459 

will produce 21(r*§M02- £210.17:0 J A ns. 

, ?j ||,as raani^st from the above Examples, that the use of the Talile is not copfined to any 
j my ^iUr Ermcijinl or fixed Rate of Interest. Nor, cxfcjitmg in so far as regards tnsjtection, 
h^imited to any determinate Number of'Days; fin, hci. the Interest of any given Sum, 
at any given Rate, hp been found for one dav, it is evident, that the interest of th.it same 
Sum, at the given Rate, for any given Number of Days; must be the Interest so found foi 
ONE DAY multiplied into the gi\ on Number of D.iys. 
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Art. XXX .—Accomt of a Meteor^gical Jmrnal for 1819, 
kept at Kwfauns by4he Reverend Robert Gordon. In a 
Letter to Dr Brewster. 

Sir, 

X. O render the following tables intelligible to your readers, it 
may perhaps be j^ecessary to explain the plan of the journal 
/rom wlfich they are taken.^ In that joiUciial, the day is sup¬ 
posed to comnien^k; at 10 on the morning of one day, and to ter¬ 
minate at 10 on tjhe morning of the next. At that hour, Uic 
self-registering thermometers are adjusted; and the highest and 
lowest points to whiMi ,they had risen and sunk previou.s to that 
adjustment, fire recorded as the extremes of the preceding twen¬ 
ty-four hours. The difference between these quantities is car¬ 
ried to another column, as the range of the thermometer during 
the same {leriod. The last column under tlic head Thermo¬ 
meter, contains the mean temjierature of water, conveyed m a 
pi]}e for several hundred yards under ground, at the medium 
depth of about three feet. This temperature is the result of 
thri'e observations taken at equal interval? every month. The 
other columns under this head require no explanation. 

Fi-om the want of a self-registering Barometer, my observa¬ 
tions of that instrument are confined to its actual height at 10 
morning and evening. The columns, therefore, that aintain the 
range of the mercury, must be considered only as an appw^ixi- 
mation to tln|true quantity; liut they .serve to show the oscilla¬ 
tions of the i|ercurial column, witliout the trouble of comparing 
two con.sccutivc observations. The difference between the 
morning and evening observations of the same day is entered 
as the range during the day, and the difference lietwoen the 
observation in the evening and that of the fSUowing morning, is 
entered in another colTimn as the range during the nigbt. 

The columns under the head Hygrometer, contain what I be¬ 
lieve is not to be found in any other meteorological journal, and 
will therefore require a more particular explanation. Most of 
your leaders are ^irobably aware, that of tlic numerous m&tru- 
•ments given to the i^rld under the name of Hygron^eters, there 
is not one that dhows correedy either the absolifte or relative 
humidity of the atMiosphcre. The greater prt of them do- 
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pend on the mechanical texture of anii^al or vegetable substan* 
ces^ and arc subject, therefpre, to such derangements, as must 
render tlieir indications altogether unsatisfactory. The Diffe¬ 
rential Thermometer, applied to tlie purposes of hygrometry, is 
iltot liable to the objection new stated; but as its indications are 
modified by temperature, it doc;s not directly convey any satis¬ 
factory information respecting the hygroraetric state of the air. 
An accurate hygrometer, therefore, was stil{„ a desideratum in 
meteorology, till the publication of the article IjYGaoMjrniy, ii^^ 
the Edinburgh Encychpwdia, where it has l^ccn supplied, not 
by the invention of a neiv instrument, but^ from contempora¬ 
neous observations of the Uiennometer and Ijygromcter, or sim¬ 
ply of two thermometers, one of them Jha^ing its bulb covered 
Avith moistened silk or paper. In that profound and ingenious 
treatise, the author * has given a formula from which may be 
deduced, in any given state of a wet and dry thermometer, the 
following interesting results. 

Ist, The point of deposition, or that temperature at which the 
air, if cooled down, would begin to deposit moisture. 

2d, The absolute humidity of the atmosphere, or the quanti¬ 
ty of moisture contained in a given portion of air. In the fol¬ 
lowing tables this moisture is expressed in decimals of a grain 
Troy for every 100 cubic inches of the atmosphere. 

fid. The relative humidity of the air, complete dryness being 
denoted by 0, and complete saturalfon tby 100. This result ex¬ 
presses the quantity of moisture which the atmosphere contains, 
in hundredths of what would produce complete raturation, at 
the given temperature. j 

To facilitate the application of the formula, I have construct¬ 
ed from it a table, by winch the above results may be found 
from simple inspection. It is hardly neccs.sary to observe, that 
the whole is deduced from the depres.sioii of temperature, by 
evaporation from the moistened thermometer below that of the 
dry one. «, 

I have only to observe farther, that the quantity of rain is as¬ 
certained by a gauge placed in an open situation, six feet above 
the suidace of the ground, and time cva|idration by a basin s?»cltercd 
from the svin, and nearly in contact withtl^ 'thermometers. I’lic' 

■ ■■ ■■■ — - .. . ..4,.. -■ -(j——' —* — -— - ■■ 


Adam Andersc^ F. R S. E. icctor of the At^demj, Perth, 
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Icept at Kinfauns near Perth. * 

place of observation is on^the Banks o^'tlie Tay, four miles be¬ 
low Perth, 185 feet alcove the level of the sea, and on the sojith 
w<le of a hill that rises to the height of about 400 feet above the 
river. 

^ • 

Meteorological Observationsy LatUvde 56^ 25' N. 


1819. 

Thermomctfr. 

Months. 

^ _ 

CO 

« 

^ g 

4*. 

Mean of 
greatest cold. 

Mean tft 10 M. 

U 

o 

A 

% 

Mean of Ex¬ 
tremes- 

Mean of 10 
and id: 

c 

C 9 

2i 

3 

g Of 

s 

Mean Temp. 
Spring Water. 

.Tdn. 

42.5 

33.3 

38.2 

36.8 

37.9 

37.5 

9.2 

41.1 

Feb. 

4k7 

31.9 

36.9 

35.6 

.36.8 

.36.2 

9.8 

36.3 

Maith 

48.3 

.^6.7 

43,8 

40.7 

42.5 

42.2 

11.6 

40.9 

i\pril 

51.0 

37.9 

46.5 

42..S 

44.5 

44.4 

1S.1 

44.3 

May 

57.4 

43.3 

.52 4 

46.6 

50.3 

49.5 

14.1 

48.0 

June 

02.6 

458 

57.4 

50.3 

54.2 

53.9 

16.8 

51.7 

July 

67.0 

51.9 

01.7 

5.5.5 

59.4 

58.6 

15.1 

56.4 

Aug. 

69.9 

55 4 

64.6 

.59.2 

62.6 

61.9 

14.5 

60 7 

Sejjt. 

60.2 

47 6 

5.5.8 

.52.5 

5^9 

54.1 

12.6 

56.9 

Oct. 

51.9 

40.5 

47.6 

45.2 

46.2 

46.4 

11.4 

52.2 

Nov. 

41.9 

31.6 

37.3 

35.6 

36 H 

36.5 

10.3 

43.0 

Dec. 

37.0 

27.4 

33.6 

31.9 

32.2 

32.8 

9.6 

40.3 

Aver. 

52.6 

40.3 

48.0 

44,3 

46.4 

46.^ 

12.3 

47.9 

1818. 

53.2 

41.2 

48.8 

451 

47.2 

4^.9 

12.1 

47.4 


Barometer. 


ISln. 10 M. 

Mn. #0 E* 

Mn. of both. 

s 

c 

• 

C 

Z 52 

Temp. 

ni m 

i 

A 

Ki 

04 

Temp. 

Pressure. 

& 

S 

Pressure. 

Mean rang 
the Day 

5 

g ^ 

a> 73 

5? 

5 

£ S 

g 

2 tM 

14 

29.422 

44 

29.390 

44 

29.406 

.191 

.197 

.388 

43 

29.363 

42 

29.371 

41 

29.367 

.173 

.171 

.344 

47 

29.669 

47 

29.689 

47 

29.679 

.123 

.121 

.244 

50 

29.666 

50 

29.657 

50 

29-661 

.084 

,.07.3 

.1.57 

54 

*9.787 

54 

29.787 

54 

29.787 

.082 

J)47 

:088 

.129 

59 

29.662 

5» 

29.6TO 

59 

29.668 

.095 

.183 

63 

29.867 

63 

29.890 

63 

29.879 

.077 

.070 

.147 

67 

29.911 

61 

*9.899 

67 

29.905 

.070 

.058 

.128 

59 

29.753 

59 

*9.775 

59 

29.764 

.110 

.079 

.189 

53 

29.704 

53 

29.739 

53 

29.721 

.093 

.105 

.198 

44 

29.594 

44 

29.594 

44 

29.594 

.144 

.157 

.301 

'40 

29.56^ 

10 

29;583 

40 

29.574 

.122 

.122 

.244 

52 

29.664 


29.671 

.52 

29.667 

.113 

,108 

.221 

_a 

52 

1 

29.6*52 

.«2 

29.655 

5f 

29.6,53 

.113 

.110 

.hs 
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AlCDGHSOll’a Hyokometgh. 



Ham. 

Evap. 

Months. 

Point of Depo- 
sitiun. 

Moist, in 100 
cubic in. of Air. 

Rel^ive Humi¬ 
dity. 

Amount. 

Amount. 

Mean 

10 M. 

Mean 

10 E. 

Mean 
of both. 

Mean 

10 M. 


Mean 
of both. 

Mean 

10 M. 

’ Afean 

10 E. 

Mean 
of both. 

Jan. 

33.8 

32.7 

33.3 

.146 

.139 

.142 

86.4 

87.1 

86 7 

3.372 

.975 

Kell. 


30.4 

31.1 

.136 


.133 

84.5 

84.1( 

81-.3 

2191 

.750 

March 

34.3 

33.4 

33.{j 

.149 

.144 

.146 

73.7 

78.7 

76.2 

.75ft 

1.800 

April 

36.0 

35.7 


.156 

.155 

.150 

IfMlI 

81.2 

/o.6 

4.175 

1.840 

May 

39.3 



.180 

.182 

.181 

67.6 

82.9 

^75 3 

1.238 

2.650 

June 

45.8 

44.3 

45.0 

.216 

.204 

.210 

69.9 

82.6 

76.3 

2.617 

2.800 

July 

51.9 


51.1 


.248 


74.0 

iafi] 

79.3 

1.256 

2.735 

Aug. 

57.3 

55.4 

56.4 



.301 

79.8 

88.5 

84ul 

1.308 

2.366 

Sept. 

40.9 

46.6 

40.8 

.224 

.224 

.224 

75.9 

8?i 

76.4 

1.523 

1.950 

Oct. 

39.5 

3a4 

38.9 

.187 


.183 

TT.f 


78.9 

4015 

1.430 

Nov. 

KTffa 

30.8 


.132 

.132 

mm 

81.3 

95.5 

83.4 

1.518 

.825 

Dec. 

29.5 

28.2 


.127 

.124 

.121 

87.2 

88.3 

87.8 

' 1.6.54 

.665 

Aver. 

39.7 

38.9 

39.3 

.186 

.179 

.182 

77.5 

83.9 

80.7 

25.625 

20.785 

ISIS, 

41.1 





HI 

77.4 



27.397 

20.056 


MoniJily Extremes. 


1819. 

Tiiermombtfr. 

Barometer. 



Hygrometer. 

—1 

Months. 


*2 

w 

o 

if 

0 

Greatest range 
in 24 hours. 

Least range in 
24 hours. 

Highest, 

Lowest. 

Sj £ 
i g 

I- 43 

® ow 

C 

a-s 

c 

pR 

P 

qO • 

rjo 

1r .C 

gUM 


Moist, in loo 

cub. in of air 

llclatn e 
Humidity,’ 

Highest. 

• 

if 

V 

(f 

Highest. 

Lowest. 

*5 

tfj 

pC 

£P- 

X 

Lowest. 

Jan, 

52.0 





HSjffljJi 


E S 

446 

22.4 

.204 

.097 


72.6 

Feb. 

49,5 

; jn 

' K 




.748 


wm 


.191 


100.0 

52.C 

March 

55.0 

? hR 



30.144 

28.892 

1.133 

Rm 

44.6 

12.q 

.204 


98,0 

41.C 

April 

58.0 


1 |n 

5.5 

30.150 

28.935 

.453 

Rffi 

45.6 

22.4 

.211 

IBkB 


48.C 

May 

63.0 


" dO 

5.5 


29.415 


R w 

53.0 

7.0 

.268 

.057 

96 0 

27.0 

June 

68.0 

41.5 

’ if! 

ilixfi 



BSib 

R^ 

548 

31.4 

.284 

.132 

940 

-*2.C 

July 

740 

42.5 

22.5 

8.5 


"5*'! 

.355 


640 

38.4 

.381 

.167 


s:c 

Aug. 

79.0 

47.0 


■:g6 


I*' I 

.375 


KM 


.386 

.194 


63.f 

Sept. 

67.5 

38.0 

2ao 

4.5 


■ yg ' 1 



Rfj 


,328 

.137 


52.4 

Oct, 

63.0 

26.5 

22.5 

a6 



.4P0 



15.4 

,309 

.076 

l^n 

47.C 

Nov. 

50.0 

20.5 




1 i 

.685 

Rin 


19,0 

.197 

.087 


51.C 

Dee. 

51.5 

9.5 



IH 

Hi 


B 

[47.4 

18.6 

.225 

.086 


62.C 


I have annexed to the above tables the results of my observa¬ 
tions in 1818, chiefly for the sake of some \^ry remarkable coin¬ 
cidences ))ctwecn the two years. Thc'lhiost striking are the 
range of the^thermometer and barometer,'' the absolute and rcla- 
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tive humidity of the atmosphere, and the quantity of evajiora- 
tion. My journal for 1817 docs not e^iibit the range of the 
barometer, but in other, respects it gives results almost exactly 
the same as the above. The mean daily range of the thermo¬ 
meter for that year is 12.4. I am,s5ir, yours, &c. • 

Feb. 26. 1820. . » Robeet Gordon. 


f 

i^RT. XXXI .—Quarterly ji{hstra£t of tfte Diurnal Variation 
of tiu' Magivetic Needle. By Colonel Beaueoy, F. R. S. 

Monthly mean Variation of the Magnetic Needle, 
Variation A Vest. 



Morning, 

Noon, 

Morning, 

Noon, 

Morning, 

Nikju, 


1817. 

1818. 

1819. 

24" 31' 49" 

24“ 33' 24" 

24" 32' 42" 

24 37 55 

24 41 41 

24 38 43 

2i 34 03 

24 37 04 

24 33 29 

24 38 02 

24 41 20 

24 37 20 

1818. 

1819. 

1820. 

24" 34' 02" 

24" 35' 42" 

24" 31/ OG" 

21 39 57 

24 39.54 

24 37 54 





Owing to the shortness of the days, the evening ob-servations 
^were ihseontinued. , 


BusiiEY Heath, Stanmoee, 
Feb. 9. 1820. 



Aet. XXXII .—Proceedings if the Boyal Society of Edin¬ 
burgh. (Continued from p. 181.) ^ 

^ A # 

Dee. 20. 1819.—-jA paper was read by Henry Mackenzie, 
Esq. On the English Poets, considered with reference to their 
lyrical Poems. This paper was an Appendix to his account of 
Mr John Home, and was prefaced with a short notice of the 
loss whiflb the Sociejy had’sufFerod in the death of two of its dis- 
linguished members, ^^.ord Webb Seymour mid Mr j^Jlayfair*. 









874* ' Proceedings of the Roijal Society (f Edinburgh. 

Jan, 8. 1820.-—Sir George iVluckfuzie, Bart., read a PaptT, 
entitled, ^Specidatious 6n the Nature of Sound. Tke Ihct-i 
which he chiefly dvv'elt iq-vip were, first, That in ev^ery experi¬ 
ment, air hai^ intervened between ail bodic' supposed to have 
«thc power of cmittlno and'/'f conducting sf>*'ud, and the a})pa- 
ratus of the car; 2. That sound varies in quality, ai that tlie 
quality is not altered by transnusaion tlliough diflcvviit media, 
although the intciisity "f the sound may be ucreased or flnni- 
nisbed; S. Thi* the'i...cnsity o+’ sound does not dep(,’,rd on the 
rate of vibration ; 4' Jhat different snbs<^ani uve the power 
of modifying the quality of sound; xhat tlierc are cases in 
which sounds .erlei'e witli one another; 6. That ' e same 
effect, in acquiring any pitch of sound, may be ob.ai led b pre¬ 
serving a spring of the same length, Vhile tne volume of iur 
connected with it is altered in dimension, (as in playj.ig on a 
Jew's harp) ; or by keeping the volume of air the s^me, 'diile 
the dimensions of the spring arc alterci., (a> die irui.qiet of 
an organ). Sir George Mack'mzie's opinion^, s fur us llii'y wi'ie 
stated, are, 1. That sound is a medium sui generis , 2. Tliot this 

medium is »'mittcu Iv no other ubstance but air • 8. That it is 

•/ 

not conducted through .fir, but that succ^'jsive portions of air, 
when j ^ into a corto. . condition by impulse^ omit it; and that 
when the impulse reac' the air in conP''ction with the tympa¬ 
num, the sou d eniil led by that portion of air alone, is made per¬ 
ceptible to us by *' c apparatus of lliqinternal ear; and that v\e 
leurn to judge oi the distance of the body that gives the im¬ 
pulse, in a manner analogous to that by which we judge of tlie 
distance of objects in perspective; and that our acquaintance 
with sounds, as they proceed from impulse given by certain 
means, is derived from an imperceptible induction, similar to 
that by which a child learns the meaning of words, and fonns 
correct ideas of distance. Lastly, That all mcjjns of producing 
sound, are only means of causing tiir to‘erait it. 

Jan 17.—Dr Fergusson, In.spector of Hospitals, read a pa¬ 
per On the Nature and Properties of the Marsh Poison, as known 
under the titles of Marsh Miasmata and Malaria. The author 


endeavoured to prove, from,a reference to tlie medial topo- 
^laphy of various places in the South Europe and the West 


V 
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* i 

Indies, that the univerjfciiy rn cuvcd opinions of aqueous and 
vegetaoic putrefaction, single <»r atinfiincsl, Ix'ing she sources 
(»f this piison, were ugfoundt I, I’lUi putrcfodlon under any 
sliape had no elhct ui pj Hhicing it; iliat i jancr emanates 
from water in bull,, howevei pu’iid* that may be, nor is 

necc^St'rib an exhalation frou\ n-arshos, i'ut vnr.e modification 

• • 

of ibe state of tlie atnios)'M'ej Itv ! ' n (Moisture, being the 
pi of a liigh^ advanced otage ef tuo drvmg process in ab- 


^oi bent isoils, that had pre’cauisly and Aunitt 
with water, "’he* illusii.‘lions v." re pr.n'niti’\ 


)»^en saturated 
■ 1 from the 


voun' 


where lue auiluii hud 'jc'Icc 1 wiJi e 


'•rniK's 


during ! lie last tv enty-five )e. s -md exhibited ,* ji ,a a; Vviriety 
of I’acts and ob,>..''-vatiqns in suppo''t of the oj. n.on? die paper 
profos'^c'cl to achoe. e Other propertie-i of‘he .aursh poi.soii, 
s'lef Kb ]ia>li( (il.i. ai’lierencc to and attraction for lofty iim- 
bi'i'; f lb trA -. and nsing grounds in the neighbourhood of 
swaiiii . Is fon.xi.tiapoii in ravines, hollow«, or leewaid loca¬ 
lities; K- abborpuon lioai pubsing over water, and rarefaction 
or dissipativiij by tlie suu s h<?at, and gular currents of wind, 
were abo ])ointed out and if strated. In the course of the 
paper, tlie author, winle treating of ih ‘ ’cts ol the marsh 
poison, >va.s It'd to consider its txtr^seo ,d naist baU'lul pro¬ 
duct,—the yellow ft'\er of the .ropus,—and the non-conta¬ 
gious nature of that disease, c.-talihshcd by a scric^s of facts 
and arguments that appeared to be inconttstibie. It concluded 
with some observations on the mode of leceplion of the mfifsh 
poison into tijlic human constitution, whether by the lungs, the 
stomach or l'|ic skin, which last the author seemed to think 
w'as the most probable channel, and suppforted his opinion by 
some illustrations taken from the plague of the Levant, and 
tlie peculiar idiosyncracy of the African or Creole Negroes. 

Jan. 26.—At a General Meeting of the^ociety, the follow¬ 
ing members were elected :— 


HoNORAUY MBlIllERa. 

Ihs Royal Highness the Prince Leopold. His Royal Highness the Archduke Maxi- 
His Iin[)enal Highness the Archduke milian. 

John^ ^ . ^M. le Chevalier Delambre, Perpetual Se¬ 

cretary of the Academy of Sciences. 
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' Procecdixigs of the Royal Society of Edinhurgh. 


Oroinauv MgMIIEIs. 

Jaipcb Huqtep, Esq. of Tliurstoife John ]<'. Ilerbthel, Esq. F. R. 

Right Honourable David Bo^fle. Acl.un Anderson, Esq. A. M. 

Jatiieb Keith, Esq. , John Shitnk More, Esq. 

Right Honourable Sir Samuel Shejihcrd. William Hall, Esq. A. M. 

.I^ines Nairne, Esq. ' ♦ Dr George Augustus Borthwick. 

John Colquhoun, Esq. Robert Dundas, Esq. of Armston. 

Henry Raeburn, Esq. ‘ Dr Samuel Hibliert. 


Lieuteiumt-Colonel M. Sicwait. .Taines Robinson Scott, E.sq. 

Charles Babbage, Esq. F. R. S. Dr Robert na| lane. 

Thomas Guthrie Wright, Esq. , 

t < 

Feb. 7.—A paper by the Ilev. Mr Holland was read, On the 
Radiation of Cahric, and the apparent Radiation of Cold. 

At the same meeting, a paper by Hr Brewster was read, On 
the Mean Temperatnre of the Earth. The object ol'this jtajier 
was to explain a new and very simple formula for finding the 
mean temperature of any place in the western region of the old 
world, at all latitudes; to point out its remarkable accordance 
with the fine scries of observations collected and arranged by 
M. Humboldt. The formula given by Hr Brewster, was. 


T = 81“.5 Cos L. 


T bt iiig' the tempetature at the level of the sea in degrees of 
Falircnlicit’s scale, I., the latitude of the ])lacc, and 81°,5 the 
mean temperature of the Equator, as deduced by Humboldt. 
This formula gives, to a surjirising degree of exactness, the 
mean temperature of the parallel of 78“ in the Greenland Seas, 
us ^ascertained from numerous obocrvatibns by Mr Scoresby; and' 
from its coincidence vith observations at the E([uator,—in the 
jiarallcl of 45“,—and in the Arctic Regions, tbe^e can be little 
doubt, that the nieaii temperature of the North P( le differs very 
little from 0“ of b’alirenheit, in place of being 32", as assumed by 
Ma^er and otjiers. The formula of Mayer errs no less than 
nine degrees in the«Jatitude of 78”. The paper was accompa¬ 
nied with a table 6 f the ascertained, meat^temperature of thirty- 
one places, compared with the new formula and that of Mayer. 
The sura of the errors of Mayer’s formula was 76°.73; 30 being 
positive and 1 negative. The sum of the errors in the new 
formula was 26*.41, the positive errors being ]4“.24, and the 
negative ones 12°. 17. ^ 

Feb. 2T.-rIIenry Mackenzie, Esq. roue, a conlinuatioii of 
his paper On the Dramatic Poets (f"Scotland 
1 



( 377 ) 


Aet. XXXIII.— Proceedhigs Wernerian Naittral His¬ 

tory Society. (Continued from p. 182.) 

Dec. 11. 1819.—TDhE Secretory read a paper by Mr Stew¬ 
art, Lecturer on Botany, communicating a New haUtat of 
Buxhaumia ofhyUa' This curious moss was found by him* 
in Wedenshope,^ Peeblesshire, in October last. The plant 
grew cjiiefly on the abrupt declivities df little hillocks of peat¬ 
moss, perfectly destiUit€‘ of othpr vegetation; though som^i 
and these the most luxuriant plants, were found under heath, 
lichens, &c. He mentioned, that he had, in sevenJ instan¬ 
ces, found more than ime fruit-stalk from the same bulb, 
and these in very dirfcrcnt stages of vegetation: One for in¬ 
stance decayed, with the flat side of the capsule detached for 
half way down from the summit, from the gibbous side,—the 
stale in which some of Buxbaum’s original specimens seem 
to have been,—but which had never occurred to the obser¬ 
vation of Ijimmeus, and hence liis too severe criticism of 
Buxbanm; a second nearly mature, with the operculum not 
yet detached ; and a third, (or a pisfil rather,) with the 
calyptra not yet detached from the base. Having observ¬ 
ed the slow growtli of the capsule in some specimens ga¬ 
thered in October 1818, for four months^ which vegetated 
fi’cely for that period i|j a Howcr-pot, Mr Stewart was induced 
to, conclude, on finding three fruit-stalks in such diflerent sftigcs 
of YcgetatioQ as those above describetl, tliat the plant could 
not be annual, as it has hitherto been stated to be by authors. 
Mr Stewart, may be adderl, desciibcd the leaves of this sup¬ 
posed aphyllnns moss in Jiis course of Lectures on Cryptogamic 
Botany, duung the winter of 1818—19. They are palmate, or 
much lacimate, and reticulate like the sulBstance of a juiigcr- 
mannia. ^ • 

Dec. 24,—Professor Jameson read a Description of the rochs 
at Sa7idside Bay in Caithness^ from which it appears that 
they arc of syenite, granite, limestone, conglomerate and sand¬ 
stone, and all appaieiitly of cotcmjioraiicous formation. 

• *Jan. 15. 1820.—l\^r Butter read a paper on xho f^hange of 
Plumage which is'm»^ti7)ies observed in aged female birds to 
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that of the male. And Professor Jaraes^ii read some Observa- 
tionston the MmUing of Mrds, and explained particularly the 
change of colour, which lakes place in some species on the ap- 
jiroach of winter, and from which it appeared not only that the 
old‘\eathers become white, but,that an additional quantity of new 
ones are at the same time produced. At tliis meeting, Professor 
'Jameson exlnlnted a specimen of the 'vvatA'-rail, prepared some 
years ago by Dr Willis, in order to shew tlie s^ine mi the imrig- 
hts of the A\ater-rail, arfd the Professor at the same time piinted 
flSht 8])ines of tlie same description he had detected in the com-' 
mon water-hen, and in several foreign species of the same genus. 

Jan. 29 .—Professor Jameson, at this meeting, read a Series 
of o/mi'vaiions on the phenomena piescnted at the line of Junc¬ 
tion of qunrtz-rocJc and limestone, from' which it apjiears that 
they arc of the same description as those observed at the junc¬ 
tion of trap and limestone. He also jiointcd out si'vcral phe¬ 
nomena of a similar nature, which he had noticed at the meet¬ 
ing of limestones having different textures. 

Feh. 12.—Dr Yule laid before the Society a communication 
regarding a CoUection of rare plants in a living state, received 
from Dr Wallich of*ihe Cahutta Garden, and conveyed to thi* 
country with great care by Colonel Udny Yule, 'with remarks 
on the most effectual means of trans})orting plants and seeds 
safely from distant trojncal countries. At the same meeting. 
Professor Jameson read a paper on Thermal Rocks, &c. which 
IS p. lilted in this number of our Journal, p. 307. 


* 

Aut. XXXIV.—scientific intelligence. 

I.,, NATURAL PHILOSOPHY. 

* ASTRONOruV V 

1, Obliquity of ike Ecliptic. —It has generally been suppos¬ 
ed by astronomers, that the observations of the winter solstice 
^ve a less obKquity of the ecliptic than those of the summer 
solstice. M. Bessel has recently called this.opinion in question, 
and shew^ thal Bradley’s observations the same result both 
ill summer find winter. His own observ^i ens also give a sami- 
lar result. Dr Brinkley thinks that the difference arises from 
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some unknown modifioition of r^r^tion, and he has Jmind 
that, at the winter solstice, irregularity of refraction •takes 
place for the sun, greater than for the stars at tlic same isenith 
distance. See PA/7. Trans. 1819^ p. 241. • ^ 

3. Aberration of lA^ht —Dr Brinkley has found the inaxi- 
nuim aberration of ll^ht to be 30".80, much greater than it hasi* 
been believed t^ lie. This result has been confirmed by 
M. Bessel, who, from several investigations in the GreenwicJi 
*o])servations of Dr Bradley, makes the maximum 30^.70. Sd§ 
Phil Trans. 1819, p. 24-G. 

3. T'ransparency of the Comet of 1819.—Dr Olbers liaMiig 
calculated that the coytict of 1819 Mould pass over the sun’s 
di.se on the 20th of June 1819, it became desirable to ascertain 
if any spots M ere seen on the sun's disc at tliat lime. IMajor- 
General Lindener of Glatz, had fortunately observed tlie sun 
on that day at 5, 0 and 7 o’clock, with a good telescope of 
Banisdcn’s, but no spot leus visible. On tlic 27th, in tlie morn¬ 
ing, ho observed a small spot. 

4. New Comet —IVI Blanpain has discovered at Marseilles, 
a foment in llie constellation Virgo. On the 28th Nov. at b**, its 
rigiit ascension M'as IbO^' 31', and decl. ()'’20' 8. On the 2d Dec. 
at 5'“, its right ascension was 185° 6', and its deel. 2'' SO' N. 

5. Solar Kdipse of 1th September 1820.—The folloiving 
list,of iilaces where tins eclipse will be annular, has been t^ini- 
municated tu, us hy Mr Charles Rumker of Ifaniburg. The 
calculations lor Ilamlnirg were made by himself, and I’or the 
other jilaces b} M. Gelling. 
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6. Astronomical'K(%icfy in London .—We congratulate the 
friends of science on The recent estabhslunent of an A’stvonomi- 
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cal ^ociety in London^ wh^h already ctfeitains many of the most 
distiiiguished names in Great Britain. The object of the so¬ 
ciety is to encourage and promote Astroi«omy, “ by collecting, 
refuting, and publishing useful observations and tables; by set¬ 
ting on foot a minute and systematic examination of the heavens; 
-.by circulating notices of all rcmto'kable .phenomena about to 
happen, and of discoveries as they arise; by proposing prizes for 
the improvement of p9,Tticular departments, dad bestowing me¬ 
dals or rewards on successful researches in all; and, finally, by. 
acting, as far as possible, in concert with all institutions, both in 
England and abroad, whose objects have any thing in common 
with their own, but avoiding all interference with the objects 
and interests of established scientific bodies.” 

OPTICS. 

7. HarTnatome. —^Dr Brewster has found, that this crystal has 
Ti&o axes of double refraction; and therefore it nmst have a pri¬ 
mitive form dilferent from the octohedron with a square base, 
which Haiiy assigns to it. The Count dc Bournon had long 
ago, from raineralogical reasons, supposed that Haiiy liad given 
it a wrong primitive form. 

8. Meionitc. —This crystal has been found by Dr Brewster 
to liave Ofie axis of double refraction, coincident with the axis 
of the prism. The action of this axis is Negative, like that of 
Iceland-crystal. The indices of refraction are, 

Ordinary refraction, 1.6058 

Extraordinary refraction, 1.5763 

9. Peialite, —This interesting mineral, from which is obtain¬ 
ed the newly discovered alkali called Lithkm, has been found 
by Dr Brewster ^o have a perfect crystalline structure, and to 
pos-sess Two axes qf double refraction. 

MAGNETISM. 

10. Variaimi qf thStMeedlc at Lyons. —The following mcar 
sures of the variation of the needle were obtained at Lyon.s. 

1751, Nov. 15°.45'W. , 1757,^,Dec. ],7'’.15'W. 

1752, ^ 16.00 17601’ 18.30 ’ r 

1755, Dec.*' I6.3<f ^ I7fjllt« 18.45 

* Zach’s. ihrrcsy. Astr. i. 223- 



MeteorcHc^y. , * * 

* METEOEOLtJGY. 

11. Red jF2flin.-^On the ^ of November in the afterneon, a 
red-coloured rain felt at Blankenburg and Dixmude, in Flan¬ 
ders. In the following night thej same happened at Sdi^en- 
Ingen. When analysed, it yielded the hydrochlorale of cobalt.— 
Annales Generales des Sdedees Physiqut. Bruxelles *, , 

\% Black Theifollowing account has been published in 

the American Journals : “ November 23. 1819. Awful Storm 
at Montrcai. —The dark and thick weather which was expe¬ 
rienced in this city some lime back, extended throughout the 
United States, as well as the neighbouring provinces. In the 
district of Maine, the darkness was very great at times, dur¬ 
ing which there were (x;casional peals of thunder, and very vivid 
lightning. The appearance of the firmament was awfully grand 
and terrific, which gave rise to ]^e most fearful apprehension 
in the minds of many persons. In Montreal, also, the dark¬ 
ness was very great, particularly on a Sunday morning; the 
whole atmosphere appeared as covered with a thick haze of a 
dingy orange colour, during which rain fell of a dark inky ap¬ 
pearance, and apparently impregnated Vith some black sub¬ 
stance, resembling .soot. At this period many conjectures were 
afioat, among which, that a volcano had broken out in some dis¬ 
tant quarter. The weather after this liecame pleasant, until the 
Tuesday following, wl^n, at 12 o’clock, a heavy damp vapour 
enveloped the whole city, when it became necessary t(f light 
candles in all the houses ; the stalls of the butchers were also 
lighted. The appearance was awful, and grand in the extreme. 
A little before 3 o’clock, a slight shock of an earthquake was 
felt, accompanied with a noise resembling the distant discharge 
of artillery. It was now that the increasing gloom engrossed 
universal attention. At twenty minutes p^t 3, when the dark¬ 
ness seemed to hav?feacfied its greatest depth, the whole city 
was instantaneously illuminated by the most vivid flash of light¬ 
ning ever witnessed in Montreal^ itnmediately followed by a 
peal of thunder, so loud and near as to shake the strongest 
buildings to th^ foundation, which was followed by other 
'peals, and accom^nied by a heavy shower of rain,^f the colour 
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abf^ descnbed. After 4 P, M. the Ifoavens began to assume 
a brighter appearance, antf fear ^dually j^bsided. Between 
4 and 5 it wjis duseovered that tlie trfecple of the French 
■Church in Notre-Dame Street was on fire. The flames were 
seeTi issuing from the top of the spire, which, through the haze, 
had the appearance of a lighthouse seen ^ far at sea. A small 
engine «as taken uj) the steeple, and Jie hre extinguished, after 
great exertions, between 8 and 9 o’clo ck at nigJat. At 8 o’clock 
the iron crucifix fell with a tremendous crasfi, and broke in se-, 
vcral pieces.” 

13. S/tora in Rmiie .—In lh0 itiontli of January last, snow fell 
in Rome, which lay three days on the roofs anil in the streets. 

14. Mean Temperature of the Such of our renders 

as keep meteorcJogical journals, will confer upon us a particular 
favour, bj? transmitting to us the average temperature of the 
year, as obtained from their observations, and also a statement 
of the number of years from which it is deduced, and of the 
place of observation above tlie level of the sea. 

'jl. CHluMlSTRY. 

15. Saussure's TlccfKriments on the Deccvqmiiion oj Starch .— 
A very interesting Memoir by ]\T. Theod. de Saussuro bus been 
published in the Phil. Tiam. lor 1819, part I. The following 
aj’c the prineipal results of his investigdiion. Starch, when le- 
ducc^ to the state of paste, and allowed to decompose sponta¬ 
neously at a temperature between 68' and 77’ Fahrenheit, pro¬ 
duces, cither by the contact of air or without it, (1) A species of 
sugar, similar to that which is obtained fuun it by tlie means of di¬ 
luted sulpluiric acid. (2 ) A speces of gum, which has a great 
resemblance to the gummy principle of roasted staich. (3.) A sub¬ 
stance which Sanssupe calls Amid'ine, poss^s^-ing projierties inter¬ 
mediate between tliose of starch and the preceding gum. (4.) 
A substance approaching to ligneous, by its insolubility in water 
and in several acids; but it has an amylaceous character, in gi- 
ilfeg a purple tinge to an atjiicous solution of iodine. 

^^**l'he sjxmtancous decoinjxisitioh of starch f? fnisiies also other 

F 'odilcts, but tlieir Dtescncc and mode of fo' ination are subor- 

' ^ w ^ 1 

dinate to the action, or to the absence, of it ositniosnhcricd! air 
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iluriiig the fernicntatioil. When the decumposition 
with the contact of s air, starch producer much wate^^hito 

which the atniospheaical oxygen gas does not enWr as a con¬ 
stituent principle. It is &rmed from the carbonic acijJ gas, 
the oxygen of which belongs td* the atmospherical air. The 
starch deposites charcoal/ w^ich browns all the products of the 
operation. Tlie weight Jf the dry residue is less than that of 
tlic soap employed. Whlen the decomposition takes place •mthr- 
, out the contact of the air,Vhe starch produces no water, but dis¬ 
engages a small quantity of carbonic acid gas, and pure hydros 
gen. It deposites no charcoah ^ The weight of the dry resi¬ 
due is equal to that of tlie soap OTiployed. 


16. Phosphoric Add in Vegetables .—Mr Barry of Plough 
Court, London, has discovered, in the prepaiation of pharma¬ 
ceutical extracts by cva})oration in racuo^ “ that all tho.se vege¬ 
tables winch arc cultivated, seem to contain phospiioric salt in 
great abundance." 


17. New D/Jfereniial 7'hernwmctcr.-—T)r Howard has de- 
‘iciibed in the Journal of the Royal Institution a new differen¬ 
tial ihennonieter, v^h^ch differs only frotn the thennoscope of 
Count liuinfbrd, or the differential thermometer of Lc&he, in 
having the bulb filled willi the vapour of alcohol or ether in 
place of air. An instrument of this kind has been exhibited 
, for many years by llie^eminent Professor <jf Chemistry in tlie 
Univer.sity of Edinburgh, and for magnifying the effect ofl>smail 
degrees of heat. He found it, however, as Dr Howard will al¬ 
so do, to be entirely unfit for the purpose of measuring diffe¬ 
rences of tenl^ierature. I’lie same remarks apply to Mr Brand> 
idea of converting it into a Photometer. 


18. Braioimofs meihodof dtjing Wool,Si^JCy Cottm andHemp^ 
a fine Minei'nl YellfgcjC^ur .—Tlie substance which M. Bra- 
connot recommends for this purpiae is realgar, or the sulplniret 
of arsenic. Having mixcil 1 part of sulphur, 2 parts of’ the 
white oxide of arsenic, and 5 parts of potash of commerce, melt 
them in a crucible at a heat near that of redness. The 3 'cliow 
mass fhu&- obferttilcl is to be dissolved in hot water, and the li- 
* quor filtered, to (l^p,ratc it from a sediment. It is then to l'.e 
diluted vith waty,feiiid sulphuric acid paured upon it, of such 
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a ^engtJi as to pnxluce a fleecy precipitate of a superb yellow 
colour. TRis precipitate, washe(l#Ji a clol^*, dissolves with ex¬ 
treme facility in ammonia, and gives a«yellowish liquor, into 
which is poured an excess of ararfionia, to discolour it entirely. 
In*this liquor the goods to be dyed l^re plunged; and all shades 
of yellow may be obtained, by diluting it with water. When 
the stuff's are taken out, they are cMourless, but they assume 
gradually the yellow colour as the an^monia e<b,porates. In the 
above operation, all metallic utensils/'must be carefully avoided. 
The colour thus obtained is more durable than the material 
which is dyed. It resists all jB^gents excejiting the alkalies, and 
may be used in tapestry, velvets, and other stuffs for furniture, 
and also for painted papers.— Ann. de Chim. ct de Phys. tom. xii. 

p. 9b- 

19. Ulmine from Wood. —M. Braconnot has discovered that 
artificial ulmine may be obtained from w ood, by the action of 
potash. He has found it in great abundance in turf, and in a 
variety of ligneous earths. He considers it as a constituent 
part of soot, but he amid not produce it with oil. 

20. Clegg's Neta Method if producing' Coal-Gas .—Mr Clegg 
has contrived a new apparatus by which he can jiroduce 25,000 
cubic feel of cbal-gas from one chaldron of Newcastle Wallsend 
coal, without generating either tar or amuioniacal liquor, being 
15,000 cubic feet more than was forTjicrly produced. The 
coal is introduced, by a mechanical process, in strata not exceed¬ 
ing half an inch in thickness. In this way, the retorts are kept 
at an uniform heat, and the coal is completely and rapidly de¬ 
composed, so that the whole of the hydrogen combines with 
the charcoal, constituting olefiant gas; and the matter which 
usually escaped in tlie form of tar and ammoniacal liquor is 
perfectly decomposed. The cxpence of jiroducing 50,000 
cubic feet of gas in twenty-four tiOuT^ on the old plan is 
L. 3817; upon the new plan L. 1123; and the expence of 
producing an equal quantity of light from oil L. 19,010. 

21. Caimium.’<—'Dv Clarke of Cambridge has discovered cad¬ 

mium in the radiated blende of' Derbyshire.lr feeveial chemists 
in London fliave confirmed this discovery, an^ have detected the 
same metal in other ores of zinc. 1 
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23. New Ore of NiSed —A new pro of nickel, made ki^wn 
blit not described ti|^€ronstedt, hiis been analysed l5y Professor 
Plhff‘bf Kiel. £ts speeibc gravity is 6.129; and it is compo^d 
of- Nic^l, 24.42 

Ajtcnic, ‘ 45.90 

Imnf 10.46 

Siiphur, 12.86 

\ 98.1*4 

III. NATURAL HISTORY. 

ZOOLOGY. 

28. Notices of Wo?'Ls jnihUshing in Italy m Human and Cow- 
jinratinr Anatomy. —A p0.stliumoiis work of the late celebrated 
Paolo Mascagni (aVlthol’ of the splendid Views of the Lymphatic 
System) is. now ready for publication at Plorence. This work 
was begun so far back as the year 1787. His design is to ex¬ 
hibit, by a series of Engraving's, connected views of all the parts 
of the Human Body, as they appear in nature, proceeding from 
the surface inward, in the order of the several layers of muscles, 
i t was foilnd, however, that to have united the absorbent ves¬ 
sels wath the arteries, veins, and nerves, would have rendered 
the figures excessively complicated, and their demonstration con- 
^fiiscd and obscure; wyereforo, the bloodvessels and nerves 
alone, as they occur near the surface of the body, arc exhiMted 
in coniicction^with the other organs. The better to characterise 
each system of organs, they will be represented in diftbrent styles 
of engraving ;*so that muscular fibre shall at once be distinguish¬ 
ed from tendon or bone, arteries from veins and from nci’ves, 
&c.; and still better to insure this object, in some copies, all the 
parts will be coloured according to nature. ^ To preserve dis¬ 
tinctness and exact reTSfJW'position of parts, each figure will be 
of a size not less than natural. The external superficies of the 
body will be contained in two figures, each about 3 braccia of 
Florence, or 5 feet of Paris. One will represent a front, and 
the oth^ a^Ja^jfticiv; and suclu parts as could not Well be ex¬ 
hibited in the entire^j^me will be represented in sbpaiffite views, 
of which there will eight comfeclcd with the above two figures, 
representing the axi/a^ the mamma; the organs of generation, male 
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anci female,; the ear and eye magnifietf; the head, in different 
aspects; and the feet. Th(?3c twb figureSjWhich irepresent the 
first layer of muscles, with the nerves*and bloodvessels, will 
it)Km*the Jirst fascicnlus. Two (i‘"her figures of the same size, 
reprcKsenting back and front view's, a^SII be devoted to the second 
' layer of muscles, with the corr£spF)n(hng vessels and nerves. 
And two others, also of the same fnze, will exhibit the thhd 
layer of muscles, with Jie liloodvessels, nerves, and lymphatics. 
And, lastly, two equally large wifi represent the skeleton in 
different aspects, together with the arteries which enter, and 
the veins and lymphatics which proceed from it. Each fascicu¬ 
lus will have, in addition, plate.s of the viscera contained in the 
three great cavities, in union with their arteries, veins, and 
nerves. Copious explanations, with annotations, lending to es¬ 
tablish, on a certain basis, every anatomical fact, will be ap¬ 
pended ; and the facts most unifonu and constant will be no¬ 
ticed. Outline drawings, for the explanation of the plates, will 
be attached; and, besides letters of reference placed on the re¬ 
spective parts, the denomination most in use by otliers will be 
subjoined.—Some ofw the designs for this work wetc executed 
under the author’s inspection by Cuo Santi, by whom the 
plates of the work on the Lymphatic Sj^stem had been drawn 
and engraved; others by Guernui and Santorini, aitists of the 
greatest ability ; and the engra\lngs arc by (’ailo Lasiiiio, and 
otlitr distinguished artists. The work w'as entirely finished be¬ 
fore the death of its illustrious author, and is ii^w to be pub¬ 
lished by his heirs. The conduct of the publication is entrusted 
to Signior Antommarchi, a distinguished pupil ..if the author, 
and afterwards his successor in the chair of anatomy in Florence. 
Tills great work will be published by subscription. The price to 
subscribers will be bo zecchini (about 10s. (id. each) of Florence 
with the platesand 85 for ^f,red. Non-subscribers 

wall pay 70 zeechini for the work in black, and 90 for it coloured. 
We have been assured by an intelligont gentleman, wlio has 
seen the work, that the coloured copies are greatly preferable to 
the black in point of distinctness,—^ circurnstaricc of the great¬ 
est conse^iurf ce in figures of so complic9.rid a nature. Tjiis" 
work is preceded by a FrodroKius, writle/ (in Italian, and to 
be afterwards translated into Latin, tli?:,object of which Is, 
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an examination ol* all ^lio clcments,of the parts which desti¬ 
tute the human body. It contain# microscopical discoveries in 
the structure of theso parts, whim will lead to new views in 
physiology and pathology; ^d is\llustrated by 23 plates,*sq)!ne 
of which present also dememstrations of tlic absorbent vessels of 
vcgetalilch. This work hm aireacly reached this country. It 
printed in folio, and boOj the typograpliy and engraving are 
very finely exccul^d. It las published»by Marenigh of Flo- 
»rcnce. * Its price is nine ze^'hini. Some time before his death, 
IVlascagni published also an anatomical work for the use of ar¬ 
tists. It i-. entitled, “ Anatomia per uso degli Studiosi di 
Tittiira c di ScuJtura.” It may be had of Marenigh of Florence. 
Tht‘ price is 90 paoli with the plates plain, and 100 with the 
plates coloiused. 'I’his work is said to be most correctly and 
beautifully executed. Each fasciculus w'ill cost about 
francs, but to non-subscribers the price will be raised one-ihird. 
Application for the work may he made at Padua, to the Di- 
recteiir dc ITinprimene clu Seminairc, and at Milan to Carlo 
Brizzolaza, Oirsia dei Servi. 

Dr Poll of Na[>les is employed on a ^^econd edition of his 
magnificent work, entitled, 'Pestacea utriusque Sicilia*.” The 
first edition consisted of 2 volumes folio. The new one will com¬ 


prise 3 volumes. 

Di Mauro Ilusconi of Pavia, who published, in 1817, a 
^lissertation, cnlitled Ifcscnzione Anatoniica degh organi^lel- 
la eircvilazioiie delle Larve clelle Salamandre Aquatiche,” illus- 
tiatod by excellent desigtr-, has lately, in conjunction with Pro¬ 
fessor C’onligli^chi, the successor to the chair of Volta, finished 
a work on the Natural History and Anatomy of the Proteus 
Auguincus, at present but imperfectly known. The history ol’ 
the animal is given by Professtir Configliachi* who has enjoyed 
the best opportunltie.siii^Jjili.ying its habits, !3fc .; and its anato¬ 
my by Rusconi, the favourite pupil of Scaipa, who not only ex¬ 
cels as an expert anatomist, but delineates ably as an ai’tist. 
The engravings will be executed by the artist who so admirably 


performed that duty for Scarpa, in his work on Aneurism. It 
rt ojri il s vvay^i'Xhis ^untry. ^ 

In comparative ii|ak>my,^i splendid work is |)fibfishing at 
Padua, by Dr E. AyRi'iiier, Professor of Natural History in the 
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Im|)erial and Royal University of‘ thatfiity. For tlie last thirty 
years, he has devoted hitnsei;?^ to researches 6n the living animals 
of the Adriatic Sea. He as observed them in all states and 
se^ons, and anatomised tbtm wi^h the greatest care; and by 
these means lias succeeded in discolouring many new bCings, and 
J)een able to rectify, in many partficulars, jvhat has been written 
on those previously known. More t iian 100 designs of animals, 
with their anatomy coloured accortgng to rfature, are already 
finished. Most ol‘ these have becu executed by the Frofessor 
himself, and the remainder by able artists under his insjiection. 
These designs have been engraved with the utmost care, by ar¬ 
tists of the greatest reputation. The title of the work is, “ Oh- 
gervazioni sopra alcuni animali delP Adriatico, fatte dal dotl. fite- 
fano Andrea Renicr, Professore,” &c. The printing of the 
dBove work will be conducted under the eye of the author in 
the Italian and Latin languages, placed in opposite columns, 
in folio. The types have been cast expressly for tlie work 
The plates also will be in folio, and on fine paper: those in 
outline, for reference, in black ; and those of the figures in 
natural colours. The work will be published in numbers, by 
subscription. Each number will contiun six plates of coloured 
figures; six other plates in outline, black; and about fifteen 
sheets of piinting. The first number or fasciculus was announ¬ 
ced for publication in March 1816, and the others were to fol¬ 
low at intervals of three months. 


24< On the This remarkable animal, winch has 

been hitherto found only in lakes in the limestone caves of Car- 
niola, has been particularly examined by an ab^e Italian natu¬ 
ralist, Rusconi. He confirms the observation of Schreibers in 
demonstrating the existence of organs of generation, which 
proves that it is not a larva of any of the amphibia, as had been 
conjectured by some naturalists. '"'Tj^^part which Cuvier de¬ 
scribes as the lungs, he maintains has neither pulmonary arte¬ 
ries nor veins; hence cannot be considered as true lungs; and be 
finds that the respiration is perfonned by means of gills. In 


"short, Rusconi is of opinion^ that the Proteus is a perfect rep¬ 
tile, difilgrin^ from all other reptiles, in nef having, like them, a 
rimple respiration, but resembling fish4,^A respiring by means 
tjf branchiae or gills. * ^ 



Natural History.-^Zoology. 

S5. Ncsj Fosszl SpeAes of Glutton. —The limestone 
Gailenreutli in Germany, have bem long famous oh account of 
the remains of unknewn animalsjwhich they contain. Esper, 
Rosenmuller, Blumenbach, su»d Cilvier, have published acaounts 
of these caves and their ejmtents.*^ Three-fourths of the bones 
found'' enveloped in the cajeajeous tuffa, and earthy matter, b^ 
long to two species of bca>l viz. Ursus spelwus and arctoideus; 
one-half or two-thirds of the remaining^fourth belong to a spe¬ 
cies of Hywna. A very sAiall number of these remains belongs 
to a species of the genus Iwni or tiger; and anotlier to animals 
of the dxig or wolf kinds; and, lavStly, the smallest portion be¬ 
longs to different species of small carnivorous animals, as the 
fox and thi‘ polecat. Very lately a German naturalist, Dr Au¬ 
gust Goldfiiss, has detected another unknown species of bear, 
which he names Ursus priscus, and a skull and other parts of a 
quadrujied very nearly allied to the Mustela gulo' or glutton. 
An account and figures of the skull have been published in the 
Nova Acta of the Academia* Caesarea; Leopokfino Carolinm 
Natura* Curiosorum, vol. ix. 1818. 

We intend, m an early number, to la^ before our readers an 
account of the (quadrupeds and birds wliich have disappeared 
from this country, and now cither live m other countries, or are 
extinct. 

26. Occurrence of the Sea~Hor.^e (Walrus or Morse, Triche- 
cus rosmantSj Lin.) in the Hehrides.“~-^r W. Macgillivrjiy has 
communicated to us a notice in regard to the oa*urrence of the 
Walrus in this country. He says, that in the end of December 
1817, a larg^^ unknown marine animal was* seen near tlie mouth 
of Loch Seaforth, an arm of the sea which separates the islands of 
Lewis and Harris. A few day-> after, it was discovered by same 
of the inhabitants, lying upon a small rock ^ the Sound of Stock -1 
ness, on die east Harris. One ?>f them, an expert 

marksman, prevailed upon the rest to venture out with a boat, 
in order to attack it. He landed upon another small rock near 
that on which the animal was reposing, and taking a deliberate 
aim, ^iscliai’ged his musket i^t it. The animal immediately 
plunged into the #sca, to appearance unliurt ;^#Hit^ keeping its 
head and part of* tJii body above water, prcvscntt'd an opportu¬ 
nity of l(xlging (^i) other shots, the last of which, passing 
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though the diest, provccf fatal. It wa# then secured, by fixing 
a rope to Its tusks, and digged ashore after the boat. Mr 
Macgillivray hastened to thf spot, and .carefully examined the 
aniinaj, which proved to be Uie S^Horse or Morse. It was 
upwards of ten feet in len^h; aivi two barrels of blubber 
were obtsdned from it. The tusjjcsl now in the possession of 
Mr Macleod of Harris, measure 4ght inches and a half in 
lengtli. The inhabitants considered it as a»- supernatural be¬ 
ing, adapting to it the ideas which/diey usually associate with, 
tlie Each Uisg (Water-Horse) an imaginary entity, and the 
Sdlch Uisgy an animal supposed, and asserted by people in 
other matters not unworthy of credit, to have been seen on se¬ 
veral lakes in Harris and Lewis, particularly ni Loch T^an- 
guad, wliich is about twelve miles in length. Tlig, largest and 
most perfect specimen of the sea-hoise in any collection in Ku- 
rope, is thit^ in the College Museum in Edinburgh, which w^as 
presented to Professor Jameson by Captain Scoresby. 

27 . Intestinal Worms .—Intestinal wonns, althoiigli thc)^ may 
appear to the superficial observer as objects of little consequence 
in the grand scale of ibeing, afford to the naturalist a most inte¬ 
resting field of observation. • Tlicir wonderful distiibution in 
the most secret parts of the animal frame; their remarkable 
structure and economy: their apparent equivocal generation ; 
tlieir connection and relations with some internal, and many ex¬ 
ternal affections of the animal system ; and their occurring in ' 
and characterising tlie different species of animal^ from man 
downwards, prove the important rank they hold in natural his¬ 
tory and in medicine. Their history and economy, were studied 
by ‘die great Haller ; and our late illustrious Monro, one of the 
most distinguished physicians Europe ever produced, consider¬ 
ed them as objects df the highest interest and curiosity. Riu 
dolphi, the celebrated Professor of IfewskJfciy in Berlin, so well 
known to all the anatomists ancl naturalists of* Europe, has, by 
the publication of his classical work on the intestinal vermes, 
whieh abounds in new facts and observations, increased in an 
eminent degree his already high reputation. And^vefy late¬ 
ly Bremsei^ alio a German naturalist, m his.work, “ Ueber le-, 
bendo AVuriifcr im lebenden Menschen,’* has, by his investi- 
1 , descriptions, and ingenious viiwv more increas- 
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ed the interest of this, ^cry curioU!) and important or*Hch 
of natural science. Knowing M'hat ‘has just been ^stated, we 
were exceedingly sur})nscd to m|‘et with the following^ ab¬ 
surd atid impertinent remark^ in k book of Travels just pub¬ 
lished, and that loo m Ef inburgli : “ Museums, galleriesHif 
})icturqj 5 , learned societies, i iid various collections of things that 
are not useful, abound* ni lliTlm. One collection Avlnch deserves’ 
to be mentioned, ,lrom thJ evidence it affords of what learned 
tnflers t^an employ ihcmsebVs with, is a collection, in high preser¬ 
vation, of those woinis winch aie sometimes found in the bowels 
of the human body, and whose existence there constitutes a par- 
♦icular disease. A Professor lludolphi is the collecto. A si¬ 
milar collection exists in Vienna, whose collector is not only 
thought to be a man of industry, but of talent, The.«e gentle¬ 
men must v('ry much neetl a decent occupation. To bestow' 
professor.ships on them, and to honour them, seems*to me like 
the \aiii noisluj) of an idol. There is but one step lower in 
winch learned uselessness can go in its filthy rcseardics ” 

28. While Su'fiUorv.-^Dr Traill of Liverpool communi¬ 
cates to us the following fact —“ On August 1819, I 
found in the mst of the yirundo ru.slica, at Greenbaiik, near 
this town, a perfectly wliite swallow, fidly fledged. The nest 
contained another young bird of the usual colour. The 
plumage of the former w'as pure snow-wdiite, AVith a gloss 
Jike sattin On the headj* neck, wing-coverls and back. The 
animal was a peidect albino, having red eyes, pale reddisli 
beak and leg^. On leplacing it in tlie nest, it speedily fled 
away, but w^as instantly attacked by fifty or .sixty common swal¬ 
low's, that appeared to peck at and buffet it so cruelly, that, it 
took refuge in a tree, from wdiicli it was not easily raised. On 
again essaying its wings, its persecutors assembled round it in 
great numbers, acffonippuyivg it until distance concealed it from 
, our sight. A few days after, it was shot near its former habi¬ 
tation, and both it and its brother swallow are now in my pos¬ 
session.” 

BOTANV. 

• '29. Primitive form Vegetable Cells. —Kie^*^. ^ in.»a memoir 

“ On the original *dnd peculiar form of the cells of plants,” 
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pu^sli^ in the Nova 'Acta Ph>9i(^)-me{lica Acad. Ceesar. 
Leopdd Oarolin. Nat. Cdrips. t 9., maintains, that the original 
or primitive fom of the ve, 
cahe^ron. '' 


•table cells, K the rhomboidal dode- 


30. Mc^fi^ficent Flower. 


( \ 
M. dVj 


andolle lately mentioned to 
jst magnificent and v6ry sin- 
he Island of Borneo, by the 


^one of our correspondents, that a #ni 
gular flower had been discovered in 
botanist who accompanied Sir Stantford llaflles to tiiat island, 
after the cession of Ja\a to the Dutdfi. The flov'rer seems to rise 
immediately out of the ground, without stein, and without shew¬ 
ing leaves at the time of flowering. The flow'er, when expanded, 
18 described as being fully a metre (more than a yard) in cir¬ 
cumference, and in form somewhat -.’nmlar to a gigantic Sta- 
pelia. It is of a red colour, beautifully veined with white. 
The unexpanded flower was compared to a large cabbage. 
We have'^hoard that specimens of tins curious production are 
in the possession of Dr Ilorsfield in London, and we shall 
doubtless soon be favoured with a correct description of it. 


31. Uses of Confervoe in the ciormn}) of Nature .—This tribe 
of plants, one of the^most sinijplc in the \ egctable kingdom, is 
very generally and abundantly chstfibutecl. When they grow 
in water, its putrefaction is said to be prevented, but they are 
principally important in the economy of nature, in forming by 
their decomposition, the first and earliest soil; and it is worthy 
of '"einark, that the bottom of the sea is grailually raised by il 
sjiccies of this tribe, named Confer\ a chthonopla^tes. This re¬ 
markable conferva was first discxn ered by a Danish naturalist, 
who has figured it in No. 148.5 of Flora Danica. Its closely 
aggregated fibres form slimy and variously coloured beds, with 
which the bottom of the sea is covered, and its level raised; 
and by its abundant spreading over rocks on sea-coasts, af¬ 
fords places of residence to otIic?>B9arh\e ‘jit’uductioLs. The 
same is observed in springs, ri\ ers and canals, where the soil, 
formed of confervm, affords nourishment to the more perfect 
W’ater-plants. Confervsc contribute in an eminent degree to the 
formation of peat, and probably K*r\e as food to many water 
insects, gnd^^veu to frogs and Iblics. 

32. J)r Theodore Frid. Luet. Nies on the^growth of Musci .— 
Dr Theodore Nies, biother of the well kVown Nies of Ksen- 






